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ABSTRACT 

Three m u l t i - f i l t e r  subsystems were designed, b u i l t ,  and tested; they  
were found t o  give recovered water of t he  required qua l i t y .  
dehumidif icat ion water subsystem produced potable  water from a i r -  
condi t ioning condensate obtained from a space s imulator .  
subsystem and t h e  f e c a l  water subsystem both produced water s u i t a b l e  
f o r  use as wash water. 

The 

The washwater 

The a c t u a l  weights of t h e  m u l t i - f i l t e r  subsystems f o r  a 1-year mission 
a r e  : 

Dehumidification Water Subsystem - 9.3 l b  
Wash Water Subsystem - 100.1 l b  

- 28.9 l b  Fecal Water Subsystem 

Storage racks f o r  spare  can i s t e r s  - 6.9 l b  

These weights a r e  not minimum and could be reduced by f u r t h e r  design 
and development. 
subsystem weights, a r e  h ighly  dependent on t h e  composition of t h e  waste 
waters. Canis te r  l i f e  can best be determined by t e s t  opera t ion  i n  a 
manned space s imulator .  

The frequency of c a n i s t e r  replacement, and hence 

Based on t h e  amount of water remaining i n  t h e  subsystems, the following 
water recovery e f f i c i e n c i e s  were ca lcu la ted :  

Dehumidification Water Subsystem 
Wash Water Subsys tem 
Fecal  Water Subsystem 
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I 

INTRODUCTION 

The Langley Research Center i s  cur ren t ly  engaged i n  research deal ing 
w i t h  l i f e  support  systems f o r  occupants of space s t a t i o n s .  
water reclamation subsystems a r e  required t o  adequately i n v e s t i g a t e  
t h e i r  use i n  space cabin s imulators .  
the  design s tudy and f a b r i c a t i o n  o f  th ree  such subsystems: 
ca t ion  water reclamation, wash water reclamation, and f e c a l  water 
reclamation. The f irst  subsystem w i l l  supply potable  water; the o the r  
two subsystems w i l l  supply wash water. 

Special ized 

Contract NAS1-2208 encompasses 
dehwnidifi- 

The f i r s t  phase of t h i s  cont rac t ,  the  design study, was covered i n  
d e t a i l  i n  the s tudy r epor t  (Steele ,  - e t  - 9  a 1  1962). 
of the s tudy phase was t o  select  the optimum process f o r  water recovery 
i n  each subsystem, 
t i o n  of the  waste waters t o  be reclaimed, s ince  t h i s  information is  
necessary f o r  s e l e c t i n g  the optimum recovery process. 

The major objec t ive  

A secondary object ive w a s  to pred ic t  the  composi- 

The present  r epor t  summarizes the f indings of the design s tudy and 
covers t he  second phase of the  contract ;  i.e., the  d e t a i l e d  design, 
f a b r i c a t i o n ,  and t e s t i n g  of the three subsystems. 

1- 1 



I1 

DESIGN REQUIREMENTS 

Requirements app l i cab le  t o  a l l  of t h e  subsystems are: 

1. Mission t i m e  one year. 

2. S a t i s f a c t o r y  opera t ion  under the  following environmental 
condi t ions:  

Tota l  pressure - 7 t o  15 p s i a  
Oxygen p a r t i a l  pressure - 2.94 p s i a  

Temperature - 70 t o  80°F 
Rela t ive  humidity - 40 t o  6% 

3. S a t i s f a c t o r y  opera t ion  at any a c c e l e r a t i o n  l e v e l  from weight- 
less condi t ions t o  1 g. 

A b i l i t y  t o  withstand v i b r a t i o n  and a c c e l e r a t i o n  loads 
imposed during launch of Sa turn  C-1 o r  C - 5  vehicles .  

4, 

The s p e c i f i c  requirements f o r  each subsystem are: 

1. Humidity Reclamation Subsystem - Capacity o f  7.5 l b  water/day. 
To supply potab le  water from water c o l l e c t e d  by Government- 
furnished cabin a i r  dehumidifiers. 

2. Wash Water Reclamation Subsystem - Capacity of 1 2  l b  water/day. 
To regenerate  water used f o r  bathing i n t o  re-usable wash 
water v i a  a ba tch  process. 

3. Fecal  Water Reclamation Subsystem - Capacity of 1 lb water/day. 
To regenera te  water obtained from the  d i s t i l l a t i o n  of f eces  
i n t o  re-usable wash water v i a  a batch process. 

2- 1 
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WASTE WATER C O M P O S I T I O N  

3.1 GENERAL 
P r i o r  t o  undertaking the design ca lcu la t ions ,  i t  was necessary t o  con- 
s ider  the composition of the waste waters t o  be reclaimed. This infor -  
mation w a s  e s p e c i a l l y  necessary for recovery processes;  e.g., adsorpt ion 
and e l e c t r o d i a l y s i s ,  the requirements of which, t h e o r e t i c a l l y ,  vary  
d i r e c t l y  w i t h  s o l u t e  concentration. 

3.2 DEXUMIDIFICATION WATER 
The water t o  be treated i n  t h i s  subsystem will be produced by the cabin 
a i r  dehumidifiers. Broadly speaking, t h i s  condensate i s  expected t o  be 

r e l a t i v e l y  pure water. The exact na tu re  and quant i ty  of  contaminants 
would be very d i f f i c u l t  t o  p red ic t ,  s ince  they would depend on a number 
of f a c t o r s ,  such as: 

1. 

2. 

3. 

4. 

5. 

6.  

I n  s p i t e  

Type of system used f o r  oxygen supply and C 0 2  removal. 

Auxil iary equipment used f o r  removal of t r a c e  contaminants 
i n  the cabin atmosphere. 

Materials of construct ion used f o r  the condensate c o i l s ,  

Nature of p a i n t s ,  coat ings,  i n s u l a t i o n ,  e t c .  used i n  the  
cabin and cabin equipment. 

Nature of l u b r i c a n t s ,  greases,  o r  o the r  substances used t o  
operate  cabin equipment. 

Degree of contamination o f  cabin a i r  from other  subsystems ; 
e.g. , feces  c o l l e c t i o n  o r  s to rage  subsystem. 

of the above unce r t a in t i e s ,  some use fu l  da ta  i s  ava i l ab le  
from c u r r e n t  submarine and space cabin s imulator  systems. This in fo r -  
mation w a s  summarized by S tee l e ,  e t  a 1  (1962). It was concluded that  -- 



t h e  dehumidif icat ion water w i l l  contain the following max imum impurity 
l e v e l s  : 

Tota l  s o l i d s  - 70 PPm 
To ta l  p a r t i c u l a t e  matter - 25 ppm 
To ta l  dissolved s o l i d s  - 45 ppm (approx. 1/2 organic and 

1/2 inorganic)  

This water should be potab le  except f o r  the  poss ib le  presence of 
pathogenic micro-organisms and a s l i g h t  odor. 
sample of  condensate from the  Wright-Patterson A i r  Force Simulator i s  
given i n  Table 9-2 ( f i r s t  l i n e ) .  

Actual ana lys i s  of a 

3.3 WASH WATER 
I n  o rde r  t o ' s e l e c t  the  proper recovery method f o r  wash water, con- 
s i d e r a t i o n  w a s  given t o  i t s  poss ib le  composition and the  s e l e c t i o n  of 
a s u i t a b l e  body c leans ing  material .  A c r i t i c a l  review of e x i s t i n g  
l i t e ra ture  was undertaken with these f a c t s  i n  mind (S tee le ,  e t  a l ,  -- 
1962). 

Used wash water w i l l  contain:  

1. 

2. Additions, such a s  benzalkonium chlor ide  (BAC) ,  the  c leanser  

Four pounds of water p e r  man (neglec t ing  evaporation lo s ses ) .  

of choice (see page 3-31. 

3. Secre t ions  of skin;  i . e . ,  sweat and sebum. 

4. Dirt and s k i n  dus t  (ha i r ,  dead sk in ,  e t c . ) .  

The following va r i ab le s  make it  d i f f i c u l t  t o  reach d e f i n i t i v e  con- 
c lus ions  as t o  the  q u a n t i t a t i v e  composition of d i r t y  wash water. 

1. Amount of res idue  on s k i n  would vary depending on temperature, 
humidity, and amount of d i r t  i n  environment. 

2. Var ia t ions  due t o  a c t i v i t y  of sub jec t .  

3. Var ia t ions  due to absorpt ion by clothing.  

3-2 



4. Variat ions due t o  i n t e r v a l s  between "baths" and method of 
bathing; e .g . ,  amount of rubbing. 

5. Indiv idua l  v a r i a t i o n s  between subjec ts .  

6. Variat ions due t o  d i e t  and amount of water consumed. 

It; can be assumed, however, that ingredien ts  genera l ly  present  i n  
sweat w i l l  be present  i n  wash water i n  l e s s e r  concentrat ions.  

There a r e  s t rong  presumptive arguments i n  favor  of  the use of benzal- 
konium chlor ide  (BAC) as  a cleansing agent f o r  aerospace use. 

The advantages of BAC are: 

1. 

2. 

3 .  

4. 

5. 

There i s  
t o x i c i t y  
(S tee le ,  

Based i n  

I t . h a s  detergent  proper t ies  ( ca t ion ic  detergent) .  

Rinsing i s  not  necessary. 

It has deodorant propert ies .  

It i s  non- i r r i ta t ing .  

Its germicidal a b i l i t y  w i l l  keep var ious f i l t e rs ,  charcoal  
beds, and ion  exchange beds f r e e  from odors and microbial  
ac t ion ,  thereby minimizing cabin contamination and s implifying 
d isposa l  of these i t e m .  It a l s o  should be emphasized tha t  
p a r t  of the  wash water w i l l  be of f e c a l  o r ig in .  

ample evidence t h a t  BAC can be used without introducing a 
hazard. A review of t h i s  information was given previously 
e t  a1 1962). - -3 
p a r t  on laboratory analyses,  the composition of major con- 

s t i t u e n t s  i n  t y p i c a l  wash water was est imated t o  be that summarized 
i n  Table 3-1. These values  were used f o r  ca l cu la t ing  the ion  exchange 
r e s i n  and ac t iva t ed  carbon requirements f o r  the m u l t i - f i l t e r  system. 
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TABLE 3-1 

ESTIMATED COMPOSITION OF WASH WATER (MAJOR CONSTITUENTS) 

Soluble  s o l i d s  (does n o t  include BAC) 

Inso luble  s o l i d s  
Urea 
Chloride 
BAC 
Lac t ic  a c i d  
Lipids  

g/4 l b  
7 
1.8 
0.180 
0.44 
1.82 
0.138 
0.330 

3.4 FECAL WATEB 
Water f o r  the f e c a l  water reclamation subsystem was to be obtained, 
o r i g i n a l l y ,  from a s l u r r y  of water and f eces  from which the s o l i d s  
were t o  be removed by a press .  Information received from General 
American Transportat ion Corporation, the con t r ac to r  responsible  f o r  
the f e c a l  water recovery u n i t ,  i nd ica t e s  t ha t  the water f o r  t he  f e c a l  
water recovery subsystem f o r  the E l e c t r i c  Boat p r o j e c t  w i l l  be obtained 
from a d i s t i l l a t i o n  un i t .  

It can be assumed that  the  odorous, v o l a t i l e  ma te r i a l s  and gases pres- 
e n t  i n  f e c e s  w i l l  be c a r r i e d  over i n t o  the f e c a l  d i s t i l l a t e .  These 
a r e  indole ,  ska to l e ,  hydrogen su l f ide ,  and methylmercaptan ( a l l  h ighly  
odorous); v o l a t i l e  f a t t y  ac ids ,  methane, hydrogen, carbon dioxide,  and 
ammonia wi th  i t s  c h a r a c t e r i s t i c  odor. It i s  l ikewise assumed t h a t  
f e c a l  d i s t i l l a t e  a l s o  contains  v o l a t i l e  organic ac ids .  

The amounts and kinds of v o l a t i l e  c o n s t i t u e n t s  i n  feces  w i l l  be depend- 
e n t  on the following f a c t o r s :  

1. Var i a t ion  among individuals  (enzymes, age, frequency of 
defeca t ion) .  

2. I n t e s t i n a l  f l o r a .  

3. D i e t  consumed. 

3-4 



The resul ts  of the work a t  E lec t r i c  Boat (Steele, - e t  -9 a1  1962) lead t o  
the conclusion t h a t  the f e c a l  d i s t i l l a t e  t o  be t r e a t e d  i n  the  f e c a l  
water recovery subsystem i s  a l i q u i d  w i t h  an extremely unpleasant odor, 
slight yellow color ,  and some s11ght t u r b i d i t y .  Ammonia n i t rogen  con- 
t e n t  ranged f r o m  31 t o  142 ppm and pH from 2.8 t o  4.7. 
of a composite sample of f e c a l  d i i i t i l l a t e  was 72  ppm, and ammonia 
n i t rogen  was 60 ppm. 
d i e n t s  of t h e  o r i g i n a l  f eces  samples f o r  which analyses were not  
performed. 

Tota l  s o l i d s  

The d i s t i l l a t e  contained o the r  v o l a t i l e  ingre- 

Actual a n a l y s i s  of a sample received from General Amerlcan Transporta- 
t i o n  Corporation i s  given i n  Table 9-3 ( f i rs t  l i n e ) .  
a pH of 9.0, contained 45 ppm t o t a l  s o l i d s ,  and had a s l i g h t l y  
unpleasant odor. 

This water had 
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IV 

DESIGN STUDY 

4 . 1  GENERAL 

T h i s  s e c t i o n  summarizes the approach and t h e  r e s u l t s  of t he  
design s tudy  ( S t e e l e ,  e t  a l ,  1962) .  -- 
Numerous methods f o r  water reclamation i n  a space vehic le  h 

p r i o r  

ve be n 
proposed i n  o t h e r  s t u d i e s  (Ze'ff and Bambenek, 1959; Sendroy and 
Col l i son ,  1959; Wallman and Barnett ,  1959; Hawkins, 1958; Okamoto and 
Konikoff, 1962; Brown, e t  a l ,  1963) .  However, for t h i s  s tudy con- 
s i d e r a t i o n  was l i m i t e d  t o  methods i n  which the  s ta te -of - the-ar t  i s  i n  
an advanced s t a t e  of development. The c r i t e r i a  used. f o r  s e l e c t i n g  
these methods were: 

-- 

1. Reasonably re l iable  design data should be ava i lab le .  

2. It should be f a i r l y  c e r t a i n  tha t  known contaminants i n  the 
waste waters would be removed. 

3. N o  extensive development program should be requi red  t o  demon- 
s t ra te  i t s  f e a s i b i l i t y .  

Two methods, although considered t o  meet these c r i t e r i a ,  were elimi- 
na ted  from d e t a i l e d  considerat ion on the basis of p r i o r  s t u d i e s  for 
the reasons s ta ted below. 

1. Vacuum (Passive) D i s t i l l a t i o n  - This method r equ i r e s  excessive 
s to rage  and handling of sponges, and i s  recommended only f o r  
missions of s h o r t  duration; i . e . ,  a few days (Zeff and 
Bambenek, 1959). 

2. Freeze Drying - This method r equ i r e s  l a r g e r  hea t  t r a n s f e r  
areas than any of the d i s t i l l a t i o n  methods and, t he re fo re ,  
the hardware w i l l  weigh more than t h a t  necessary f o r  d i s t i l -  

l a t i o n  ( Z e f f  and Bambenek, 1959; Wallman and Barnet t ,  1959). 

4- 1 



Based on the  above considerat ions,  the design a n a l y s i s  w a s  l i m i t e d  t o  
fou r  methods: 

1. Vacuum d i s t i l l a t i o n  w i t h  py ro lys i s  of vapor. 

2. Vapor compression, w i t h  e i t h e r  a )  post-treatment of condensate, 
o r  b )  pyro lys i s  of vapor. 

3. M u l t i - f i l t r a t i o n ;  i . e . ,  adsorpt ion and ion  exchange. 

4. E lec t rod ia lys i s  combined w i t h  adsorpt ion.  

I n  comparing these fou r  methods, p e n a l t i e s  must be assigned f o r  any 
power that the method uses. This i s  best  done by using a weight 
pena l ty  f a c t o r ;  i .e . ,  converting the power requirement t o  an equivalent  
weight f o r  the  power source. Similar ly ,  a pena l ty  f a c t o r  must be used 
f o r  any cool ing (heat  r e j e c t i o n )  required.  For purposes of th i s  study, 
the fol lowing f a c t o r s  were used: 

Power pena l ty  - 300 lb/kw 
H e a t  r e j e c t i o n  penal ty  - 0.01 lb/Btu/hr 

The design ca l cu la t ions  were made, i n i t i a l l y ,  on the wash water re- 
covery subsystem. This subsystem w a s  s e l e c t e d  for the i n i t i a l  s tudy 
on the  basis that i t s  waste water contained the h ighes t  concentrat ion 
of impur i t i e s  and would, therefore ,  be the  most d i f f i c u l t  t o  pur i fy .  

It was assumed tha t  the wash water subsystem would process a 12-lb 
batch of wa$er i n  10 hours. The s e l e c t i o n  of 10 hours operat ing t i m e  
p e r  day was pu re ly  a r b i t r a r y ;  however, i t  was a reasonable compromise 
between 24 hr/day, which would not allow any t i m e  f o r  clean-up, main- 
tenance, o r  contingencies,  and 1 hr/day, which would unnecessar i ly  
pena l ize  a l l  systems w i t h  r e spec t  t o  s i z e  and weight. I n  any case,  
the q u a l i t a t i v e  r a t i n g s  of the  f o u r  methods s tud ied  should remain the 
same, as long as the same operating t i m e  p e r  day i s  used f o r  each. 

Containers for s t o r i n g  the d i r t y  wash water and treated water were 
n o t  included i n  the design comparison. Obviously, these conta iners  
are necessary,  bu t  s ince  they a r e  common t o  a l l  f o u r  methods, they 
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- w i l l  e f f e c t  each method equal ly .  This means t h a t  the " terminals"  of 
each f l o w  s h e e t  w i l l  be the points  a t  which the water e n t e r s  and e x i t s  1 t h e  system. 

# 4.2 
The fol lowing discussions summarize the  design ca l cu la t ions  made i n  
the  p r i o r  design s tudy r e p o r t  (Steele, - e t  - J  a1  1962). 

4.2.1 
This system cons i s t s  of a vacuum s t i l l ,  a c a t a l y t i c  pyro lys i s  chamber, 
a condenser, a feed pmp,  and two hea t  enconomizers. A t echn ica l  
d e s c r i p t i o n  of t h i s  process w i t h  regard  t o  such d e t a i l s  as c a t a l y s t  
composition and bed temperature was repor ted  by Okamoto and Konikoff 

DISCUSSION OF CALCULATIONS FOR WASH WATER SUBSYSTEM 

Vacuum D i s t i l l a t i o n  with Pyrolysis  of Vapor 
I 
8 
I 

E l e c t r i c a l  energy was assumed as the  source of hea t  f o r  the vacuum 
d i s t i l l a t i o n  system. The power requi red  f o r  t h i s  process (assuming 
n e g l i g i b l e  h e a t  l o s s e s )  was found t o  be q u i t e  l a r g e  (1203 Btu/hr) 
g iv ing  rise t o  a high power penal ty  (106 l b )  . 
Attempts t o  decrease the power-weight pena l ty  by d i f f e r e n t  arrangements 
of  the  evaporator,  pyro lys i s  chamber, and hea t  economizers showed t h a t  
only a small f r a c t i o n  of the  l a t e n t  hea t  of vapor iza t ion  can be re- 
covered a s  s ens ib l e  hea t  f o r  r a i s i n g  the temperature of the  feed. The 
106 l b  taken as the  power penalty i s  the minimum t h a t  can be assumed 
and agrees  e lose ly  with the  lo5 l b  ca l cu la t ed  by s c a l i n g  down (from 9 
t o  1 .2  lb /hr )  a l a r g e r  vacuum d i s t i l l a t i o n  u n i t  operated by Okamoto 

8 
t 
I 

and Konikof f . 1 
One poss ib l e  method f o r  e l iminat ing the  high power pena l ty  caused by 
the  use of e l e c t r i c a l  energy i n  the  evaporator i s  t o  u t i l i z e  excess 
cabin hea t  (metabolic hea t  and heat given o f f  by e l e c t r i c a l  equipment). 
This could be accomplished by lowering the d i s t i l l a t i o n  temperature t o  
about 100°F and using the  w a r m  glycol  f l u i d  as a h e a t  source before  i t  
i s  s e n t  t o  the  space r ad ia to r .  U s e  of t h i s  energy i s  ' ' free" s ince  t h i s  

8 ' 
I 
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waste h e a t  i s  r e j ec t ed  t o  space. 
however, was not allowed f o r  the  cur ren t  design study. 

U t i l i z a t i o n  o f  this waste hea t ,  

1 
4.2.2 Vapor Compression D i s t i l l a t i o n  
The vapor compression cycle  d i f f e r s  from vacuum d i s t i l l a t i o n  i n  that  
t h e  h e a t  evolved by the  (compressed) condensing vapor i s  u t i l i z e d  t o  
evaporate  the  feed. I n  the vacuum d i s t i l l a t i o n  cycle  a l l  t h e  h e a t  
r equ i r ed  f o r  vapor iza t ion  must be suppl ied from a n  outs ide  source. 
TWO a l t e r n a t e  methods of post-treatment were considered; 1) c a t a l y t i c  
py ro lys i s  of vapor, and 2) f i l t r a t i o n  of condensate through a c t i v a t e d  
carbon and ion  exchange r e s i n .  

8 

Equipment necessary f o r  a vapor compression-pyrolysis system cons i s t s  
of a c e n t r i f u g a l  evaporator-condenser, a vapor compressor, two pumps, 
two heat economizers, and a pyro lys i s  chamber. The same equipment, 
w i t h  the s u b s t i t u t i o n  of i o n  exchange and a c t i v a t e d  charcoal  beds f o r  
the py ro lys i s  chamber and hea t  economizer make up the vapor compression 
system with f i l t r a t i o n  of condensate. 

1 
f 

4.2.3 M u l t i - f i l t e r  System 
Impur i t ies  i n  wash water can be c l a s s i f i e d  i n t o  f o u r  groups: 8 

1. p a r t i c u l a t e  mat ter ,  
2. organic compounds , 
3. inorganic  compounds, and 
4. micro-organisms . 

For removal of these impurities, the  m u l t i - f i l t e r  system c o n s i s t s  of 
a f i l t e r ,  an a c t i v a t e d  carbon bed, and an ion  exchange r e s i n  bed. 1 
An advantage of the  m u l t i - f i l t e r  system i s  t h a t  i t  can be operated 
equal ly  w e l l  under normal g rav i ty  o r  weightless condi t ions.  D i s t i l l a -  
t i o n  on the o the r  hand, r equ i r e s  c e n t r i f u g a l  force  o r  c a p i l l a r y  a c t i o n  
f o r  phase separa t ion  under weightless conditions.  B 
Activated carbons are genera l ly  e f f i c i e n t  f o r  adsorp t ion  of organic  
materials. Small organic molecules and d i s soc ia t ed  compounds a r e  less 
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1 
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e a s i l y  adsorbed than a r e  heavy hydrocarbons. Dissociated compounds 
(usua l ly  inorganic)  a r e ,  on the other  hand, removed by ion  exchange 
r e s i n s .  
" the interchange of ions between a s o l i d  ma te r i a l  and a l i qu id . "  

The use of low flow rates (1.2 l b / h r )  assumed f o r  the  o the r  processes 
was employed i n  the m u l t i - f i l t e r  process.  Two major advantages can 
be obtained by using low flow r a t e s  i n  t h i s  process ,  namely, low pres- 
sure drops through the  f i l t e r s  and adsorpt ion beds a r e  r ea l i zed ,  and 
c lose  t o  equi l ibr ium adsorpt ion capac i t i e s  a r e  a t t a i n e d  on granular  

The phenomenon of ion  exchange can be defined b r i e f l y  as,  

1 
1 

a c t i v a t e d  carbon. 

Because of the  u n c e r t a i n t i e s  w i t h  regard to removal of contaminants 8 
from a complex mixture, i t  was decided to c a l c u l a t e  t he  r e s i n  and 
carbon requirements by two methods; 1) from loading f a c t o r s  repor ted  
i n  the  l i t e r a t u r e  along with the  impurity composition summarized i n  
Sec t ion  III, and 2) from experimental r e s u l t s  with a labora tory  multi- 

I 
I 

f i l t e r  (Steele, - e t  - 9  a1  1962). 

4.2.4 E l e c t r o d i a l y s i s  with Adsorption I 
E l e c t r o d i a l y s i s  i s  a method f o r  t r ans fe r r ing  ions  from one so lu t ion  
i n t o  another  so lu t ion ,  using membranes pos i t ioned  between the two 
so lu t ions .  The so lu t ions  and membranes a r e  placed between two elec- 
t rodes  i n  a d-c c i r c u i t .  Two types of membranes a r e  used; one has a 
p o s i t i v e ,  f ixed ,  i o n i c  charge and w i l l  r e p e l  ca t ions  but  w i l l  permit 
passage of anions; t he  o the r  membrane has a negat ive f ixed  charge, 
r e p e l s  anions,  and allows the  passage of ca t ions .  

The n e t  r e s u l t  o f  e l e c t r o d i a l y s i s  i s  s i m i l a r  t o  t h a t  of an  i o n  exchange 
process.  The p r i n c i p a l  d i f fe rence  between the  two processes i s  the two 
sources of energy. E lec t rod ia lys i s  r equ i r e s  e l e c t r i c a l  energy, whereas 
ion  exchange der ives  i t s  energy from the  chemicals used i n  regeneration. 
Economically, e l e c t r o d i a l y s i s  l e n d s  i t s e l f  to processing more concen- 
t r a t e d  so lu t ions  than ion exchange. 

8 
1 
1 
1 



A s  a u n i t  operat ion,  e l e c t r o d i a l y s i s  i s  w e l l  def ined and is  exten- 
s i v e l y  used on a commercial scale .  However, for a complex mixture 
conta in ing  both organic and inorganic contaminants, t he re  are seve ra l  
u n c e r t a i n t i e s  and p o t e n t i a l  problem areas  t h a t  can only be resolved 
by extended t e s t  operat ion.  Some of the u n c e r t a i n t i e s  are: 

1. 

2. 

3. 

4. 

Membrane Life 
The anion and ca t ion  membranes may be chemically a t tacked  
under proposed operating condi t ions.  It i s  a l s o  poss ib l e  
tha t  the pores may become plugged o r  fouled by large-sized 
i o n i c  o r  non-ionic p a r t i c l e s .  

Resistance of Membranes 
As ' t he  membrane sur face  becomes fouled or plugged, o r  as 
i o n i c  concentrat ion a t  the membrane-solution i n t e r f a c e  i s  
depleted,  the  r e s i s t ance  of the  s t a c k  increases ,  r e s u l t i n g  
i n  an increase  i n  power requirements. 
-- e t  a1 (1962) i n  attempting t o  remove impur i t ies  from sewage, 
found t h a t  de te rgents  of  the  ABS type caused an appreciable  
inc rease  i n  power requirement. The a c t u a l  r e s i s t a n c e  of the  
s t a c k  can only be determined by opera t ing  data. 

For example, Oda, 

P r e c i p i t a t i o n  i n  Sink 
The t i m e  between changes of the recyc l ing  concentrate  solu- 
t i o n  i s  determined by the s o l u b i l i t y  of all the  salts  formed 
i n  the s ink ,  which is  determined by the contaminants i n  the 

wash water . 
Gassing i n  Electrode Chambers 
Gassing w i l l  occur a t  b o t h  e lec t rodes  unless  s t e p s  a r e  taken 
t o  prevent  i t  by supplying a s p e c i a l  e l ec t rode  so lu t ion .  
Gassing under zero-gravity condi t ions would be undesirable.  
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5. Extent o f  Removal of Non-ioriics 
E l e c t r o d i a l y s i s  w i l l  remove none of  t h e  uncharged p a r t i c l e s  
except those t h a t  become'absorbed on t h e  membranes or plug 
t h e  pores of t h e  membranes. Oda, e t  a l  reported t h a t  l a rge  
ions ,  c o l l o i d a l  mat ter ,  and uncharged spec ies  a r e  not r e -  
moved appreciably from sewage so lu t ions .  E lec t rod ia lys i s  
depends, t he re fo re ,  on a pre-treatment o f  t he  wash water t o  

-- 

remove non-ionic contaminants and l a rge  ions .  . Brown, e t  a l ,  
1963, reported tha t '  ac t iva ted  carbon pre-treatment,  w i t h  or 

-- 

without add i t ion  of urease, w a s  required for p u r i f i c a t i o n  of' 
u r ine  by e l e c t r o d i a l y s i s .  

The e l e c t r o d i a l y s i s  system i s  comprised of the s t a c k ,  requi red  replace- 
ment s t acks ,  pumps and d r ives ,  concentrate tank, and recyc le  tank. It 
was assumed tha t  the  membranes would have a l i f e  of 6 weeks and the  
s t a c k  would be replaced as a unit. 

4.3 
A summary of the estimated weight and r e l i a b i l i t y  ranking f o r  each of 
the processes  inves t iga t ed  (Steele, - e t  -9 a1  1962) i s  given i n  Table 4-1. 
The r e l i a b i l i t y  rankings were q u a l i t a t i v e l y  determined on the basis of 
p r o b a b i l i t y  of breakdown. The factors involved were: 

SUMMARY OF RESULTS FOR WASH WATER SUBSYSTEM 

1. The number of' r o t a t i n g  machinery components. 

2. The number of e l e c t r i c a l  o r  e l e c t r o n i c  parts. 

3. The number of components s u b j e c t  t o  degradation o r  fa i lure  
such as the e l e c t r o d i a l y s i s  membranes and the high temperature 
c a t a l y s t .  

The two processes  which are ranked most des i r ab le  from the s tandpoint  
of weight and r e l i a b i l i t y  are  the  mul t i - f i l t e r  system and the  elec-  
t rod ia lys i s -adsorp t ion  system. I t  i s  bel ieved that  the  h igher  re l ia-  
b i l i t y  of  the m u l t i - f i l t e r  system over r ides  the estimated 17 l b  weight 
advantage of the electrodialysis-adsorption system. The l a t t e r  system 
requ i r e s  pumps, e l e c t r i c a l  controls ,  and membranes t ha t  a r e  sub jec t  t o  
fa i lure;  there are  a l s o  some technical  u n c e r t a i n t i e s  as pointed out i n  
paragraph 4.2.4. The m u l t i - f i l t e r  system was the re fo re  recommended f o r  
the wash water subsystem, 
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Process 

79 

43 

TABLE 4-1 

141 

102 

SUMMARY O F  RESULTS FOR WASH WATER SYSTEM 
(ONE YEAR MISSION) 

~~ - 

Vapor Compression 
with Pyro lys is  

Vapor Compression 
with Adsorption 

Vacuum D i s t i l l a t i o n  
with Pyro lys is  

Multi-f i l t e r  

E l e c t r o d i a l y s i s  
. with Adsorption 

Hardware 

62 

52 

40 

18 

24.5 

Estimated 

Chemicals 

-- 

7 

-- 
68 

34.0 

Power Plus 
Cooling 

R e l i a -  
b i l i t y  
Rank ine  

I11 

I1 

I1 

I 

I1 

*Ranking of I i n d i c a t e s  highest  r e l a t i v e  r e l i a b i l i t y ,  I11 lowest 
r e l a t i v e  r e l i a b i l i t y .  

4.4 FECAL DISTILLATE SUBSYSTEM 
The major impur i t ies  i n  f e c a l  d i s t i l l a t e  a r e  v o l a t i l e  substances such 
as ammonia and o the r  odoriferous materials, and cons t i t uen t s  which 
cause color .  It i s  reasonable t o  assume t h a t  s ince  these impur i t i e s  
a r e  found i n  the  d i s t i l l a t e  from the  f e c a l  d i s t i l l a t i o n ,  they would 
be c a r r i e d  over i n  a second d i s t i l l a t i o n .  D i s t i l l a t i o n  by i t s e l f  can 
the re fo re  be el iminated from f u r t h e r  considerat ion.  

It is bel ieved t h a t  vapor pyro lys i s  would be e f f e c t i v e  i n  removing odor 
and c o l o r  bodies from f e c a l  d i s t i l l a t e .  For a vapor py ro lys i s  process,  
the  l i q u i d  would have t o  be vaporized and the r e s u l t i n g  system would 
the re fo re  be i d e n t i c a l  t o  the  vacuum d i s t i l l a t i o n - p y r o l y s i s  o r  vapor 
compression-pyrolysis system considered for wash water. 
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' Activated carbon and ion  exchange r e s i n  were found to be e f f e c t i v e  i n  
removing both the co lo r  and odor from f e c a l  d i s t i l l a t e .  
t he re fo re ,  to b r i e f l y  compare these  two schemes, namely d i s t i l l a t i o n -  
p y r o l y s i s  and the m u l t i - f i l t e r ,  for the  f e c a l  water subsystem. 

It was decided, 

4 .4 .1  M u l t i - f i l t e r  System 
A m u l t i - f i l t e r  system wi th  a c t i v a t e d  carbon and ion  exchange r e s i n  w a s  
t e s t e d  w i t h  f e c a l  d i s t i l l a t e  and found s a t i s f a c t o r y  f o r  564 m l  of ef- 
f l u e n t  (S tee le ,  e t  a1  1962). Breakthrough was not  observed f o r  e i the r  
odor o r  color.  

- - 9  

The a c t i v a t e d  carbon and ion  exchange requirements f o r  a 1-year mission 
were ca l cu la t ed  by s c a l i n g  up amounts  used i n  the labora tory  system. 
Using a s a f e t y  f a c t o r  of 1 .2 ,  t h e  carbon weight comes to 11.7 lb/yr 
and the  r e s i n  weight comes t o  5.1 lb/yr.  

The d i s t i l l a t e  from a n  e f f i c i e n t  d i s t i l l a t i o n  should not  contain par- 
t i c u l a t e  matter. However, a f i l t e r  was incorporated i n  the  system i n  
o rde r  to remove any s o l i d s  t h a t  might be c a r r i e d  over by entrainment. 

The estimated weight of a m u l t i - f i l t e r  system f o r  f e c a l  d i s t i l l a t e  i s  
22.7 lb. T h i s  estimated weight, as for t he  wash water subsystem, i s  
based on per iodic  replacements of sea led  carbon and r e s i n  conta iners .  

4.4.2 D i s t i l l a t i on -Pyro lys i s  System 
Since the amount of f e c a l  d i s t i l l a t e  to be p u r i f i e d  i s  only 1 lb/day, 

an assumption of 10 hours processing time would r e s u l t  i n  a smaller 
d i s t i l l a t i o n - p y r o l y s i s  system than  for t he  wash water system. There 
are s e v e r a l  reasons why the  weight of a d i s t i l l a t i o n - p y r o l y s i s  system 
fo r  the f e c a l  d i s t i l l a t e  cannot be estimated by making a d i r e c t  sca le -  
down on the  basis of the r e l a t i v e  flow r a t e s .  These include:  

1. Compressor and pump power p e n a l t i e s  would not  change appre- 
c i ab ly  s ince  most of the  power consumed f o r  these low flow 
r a t e s  i s  due t o  f r i c t i o n a l  losses and the weight:power r a t i o  
increases  as the power output decreases.  
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2. 

3. 

4. 

The r a t i o  of ex te rna l  surface area:volume increases  as the 
f l o w  r a t e  decreases;  therefore ,  hea t  l o s ses  from the pyro lys is  
chamber and hea t  economizer a r e  propor t iona l ly  higher. 

The instrumentat ion weight i s  the same, regard less  of flow 
r a t e .  

Compressor and motor weights would not  change appreciably f o r  
the  small s i z e s  required. 

It i s  f e l t  t ha t  even i f  a weight o f  20 l b  f o r  a d i s t i l l a t i o n - p y r o l y s i s  
system f o r  f e c a l  d i s t i l l a t e  could be achieved, there  a r e  seve ra l  ad- 
vantages t o  the use of the  m u l t i - f i l t e r  system f o r  f e c a l  d is t i l la te ,  
including:  

1. The laboratory m u l t i - f i l t e r  has been demonstrated t o  success- 
f u l l y  remove the  contaminants from f e c a l  d i s t i l l a te .  

2. The mul t i - f i l t e r  system is  much more r e l i a b l e  than e i ther  of 
the d i s t i l l a t i o n - p y r o l y s i s  systems because of  i t s  l ack  of 
moving parts, e l e c t r i c a l  requirements,  and high temperature 
operat ion.  

4.5 HUMIDITY RECOVERY SUBSYSTEM 
It was concluded i n  Sect ion 111 o f  t h i s  r epor t  t h a t  water co l l ec t ed  
by the a i r  dehumidifiers would be potable ,  except f o r  the poss ib le  
presence of pathogenic micro-organisms and a slight odor. 

Because of the  low impuri ty  l eve l  of the air -condi t ioning condensate, 
a change of phase treatment i s  not warranted. Bacter ia  removal can be 

e f f ec t ed  by membrane f i l t e r s  o r  by high surface area c a r t r i d g e  f i l ters.  
Cartridge f i l t e r s  are prefer red  because of t h e i r  high capaci ty  and low 
pressure drop. 

Odor and co lor  removal can be accomplished by passing the condensate 
through a bed of ac t iva t ed  carbon. The t o t a l  w e i g h t  of the dehwnidifi- 
ca t ion  system, including f i l t e r s ,  carbon, c a n i s t e r s ,  and mounting w a s  
estimated t o  be 10 l b ,  
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4.6 DISCUSSION OF MULTI-FILTER SUBSYSTEMS 
Laboratory t e s t s  and design ca lcu la t ions  have shown t h a t  the  adsorption- 
ion  exchange scheme i s  preferable  to d i s t i l l a t i o n  processes f o r  puri-  
fying the  waste waters considered, These r e s u l t s  a r e  contrary t o  
conclusions made by previous inves t iga to r s  who were i n t e r e s t e d  i n  the 
p u r i f i c a t i o n  of  ur ine (Zeff and Bambenek, 1959; Wallman and Barnet t ,  
1959). This d i f fe rence  i n  f indings i s  obviously due t o  the f a c t  t h a t  
the s o l u t e  concentrat ion i n  the most contaminated of the three  waste 
waters considered i n  th i s  repor t  ( d i r t y  wash water)  i s  lower than the  
s o l u t e  concentrat ion of ur ine by a f a c t o r  of 30 (0.1676 f o r  wash water 
compared t o  4.8% f o r  u r ine ) .  

Length of mission is ,  of course,  a s i g n i f i c a n t  f a c t o r  i n  the choice of 
process ,  I f  a 2-year mission i s  assumed, the  weight of the multi- 
f i l t e r  process  (without regenerat ion of carbon o r  r e s i n )  would be 
almost doubled; the weights of the e lec t rodia lys i s -adsorp t ion  and 
vapor compression-adsorption systems would be increased somewhat, 
whereas the weights of the d i s  t i l l a t i on -pyro lys i s  systems would be 
v i r t u a l l y  unchanged. 
f i l t e r  system and o ther  processes employing adsorbents would be l i g h t e r  
and even more desirable .  

For a f i s s i o n  s h o r t e r  than one year ,  the  multi- 

Larger crew s i z e s  (using more than 1 2  lb of wash water pe r  day) would 
tend t o  decrease the r e l a t i v e  weights of' the d i s t i l l a t i o n  processes i n  
comparison t o  the adsorpt ion processes.  This i s  due t o  the f a c t  t h a t  
the hardware weight and hea t  losses  of a d i s t i l l a t i o n  system are pro- 
p o r t i o n a l l y  l e s s  (per u n i t  of water p u r i f i e d )  f o r  higher  capac i t ies .  
O f  course,  the converse app l i e s  f o r  smaller  crew s i zes .  
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V 

PRELIMINARY WATER TREATMENT EXPERIMENTS 

1 5.1 GENERAL 
Various methods of water reclamation, and design ca lcu la t ions  f o r  
these  methods, have been discussed i n  the  preceding sect ions.  I n  
order  t o  obta in  necessary a d d i t i o n a l  design data and t o  demonstrate 
the  f e a s i b i l i t y  o f  the m u l t i - f i l t e r  concept f o r  wash water and f e c a l  
d i s t i l l a t e  water, a l imi ted  experimental program was undertaken 

I n  th i s  program, var ious cons t i tuents  of wash water and f e c a l  d i s t i l -  

l a t e  which could be organolept ical ly  o r  chemically determined were 
used as ind ica t ions  of e f f e c t i v e  treatment with ac t iva t ed  carbon and 

l 
i o n  exchange r e s i n .  1 
Loading f a c t o r s  were f i rs t  determined, and an at tempt  was made t o  
s e l e c t  the  most e f f i c i e n t  ac t iva t ed  carbon and the  quant i ty  of carbon 
and r e s i n  required.  Laboratory models of the m u l t i - f i l t e r  were then 
constructed and t e s t e d  under continuous flow condi t ions.  

8 
1 

5.2 WASH WATER TREATPENT 
Benzalkonium chlor ide (BAG)  and urea were chosen as ind ica to r s  of 
ac t iva t ed  carbon treatment f o r  wash water. BAC w a s  used because i t  
was added t o  wash water i n  amounts of 0.05%. Urea was se l ec t ed  s ince  
i t  i s  one of the  major const i tuents  of  pe r sp i r a t ion  and, therefore ,  
was present  i n  wash water i n  s i g n i f i c a n t  amounts. 

The type of ion  exchanger was chosen as a r e s u l t  of surveying ava i l -  
ab le  commercial r e s ins .  Calculations f o r  amount of  r e s i n  were based 
on composition of wash water given i n  Zeff and Bambenek (1959). 

Carsten (1952) reported removal o f  urea from urine using a s t rongly  
ac id  ca t ion  exchanger. A few preliminary loading t e s t s  ind ica ted  
promising r e s u l t s  and a modest experimental program was undertaken t o  
check adsorpt ion c h a r a c t e r i s t i c s  of s e l ec t ed  ion exchangers. 

I 

8 
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' * S t e e l e ,  -- e t  a1 (1962) give d e t a i l s  of var ious loading tests and descr ibe 

0 the t e s t i n g  of a laboratory model m u l t i - f i l t e r  f o r  wash water p u r i f i -  
ca t ion .  This laboratory model successful ly  p u r i f i e d  used wash water. 

The fol lowing ion exchange r e s ins  and carbons were a l s o  evaluated for 
urea adsorpt ion:  

Ion  Exchangers 

Duoli te  C-3 c a t ion  exchanger, hydrogen s ta te  (Diamond A l k a l i )  

Duol i te  C-20 polystyrene cat ion exchanger, sodium s t a t e  (Diamond 
Alka l i )  

Ionac C - 1 1 1  (Ionac Chemical Co.) 
Ionac C-11OC (Ionac Chemical Co.) 
Ionac C-11ON (Ionac Chemical Co.) 
Amberlite MB-3 ( R o b  and Haas Co.) 

Act ivated Carbons 

Permutit  Carbo-& (The Permutit Co.) 
Darco G-60 (Atlas Chemical Industries) 
CAL ( P i t t s b u r g h  Chemical Co.) 
PCB (Pi t tsburgh Chemical Co.) 
BPL (Pi t tsburgh Chemical Co. ) 
J D - l  (Barneby-Cheney Co. ) 
J E - 1  (Barneby-Cheney Co. ) 
G I  (Barneby-Cheney Co. ) 
Coconut ac t iva t ed  charcoal  (Fisher  S c i e n t i f i c  Co. ) 

O f  the  above carbons and exchangers, CAL carbon and C-3 r e s i n  showed 
the  most promise i n  batch loading tests. 

BAC was removed e f f i c i e n t l y  by both carbons and ion  exchange r e s ins .  

5.3 FECAL WATEB TREATMENT 
Fecal d i s t i l l a t e  has a most disagreeable  odor and a l s o  contains  ammonia 
(and o the r  v o l a t i l e s ) .  To demonstrate the f e a s i b i l i t y  of the multi- 
f i l t e r  process for conversion in to  s u i t a b l e  wash water, loading t e s t s  

8 
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were undertaken wi th  ac t iva t ed  carbon and r e s i n  using a composite 
f e c a l  d i s t i l l a t e  sample. GH-2 carbon and MB-3 r e s i n  were found t o  be 
the most  e f f i c i e n t  adsorbers o f  impuri t ies  i n  f e c a l  water. A labora- 
t o r y  model of a m u l t i - f i l t e r  system was constructed and tested. This 

m u l t i - f i l t e r  system adequately pur i f ied  fecal  d i s t i l l a t e  and the e f f lu -  
e n t  co l l ec t ed  met dr inking water s tandards (Steele ,  - e t  - 9  a1  1962). 

I 
1 
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V I  

DISCUSSION O F  ACTIVATED CARBON 

AND ION EXCHANGE RESIN 

6.1 THEORY 

6.1.1 Activated Carbon 
Act ivated carbons are adsorbents made from var ious  r a w  ma te r i a l s  
inc luding  coa l ,  wood, petroleum coke, shel ls  of nu ts ,  and animal bones. 
They are used as f i n e  powders and as granular  p a r t i c l e s  ( the  powders 
are usua l ly  used i n  batch processes whereas the  granular  carbons are 
employed i n  flow processes).  Carbons are usua l ly  a c t i v a t e d  commer- 
c i a l l y  w i t h ' h o t  a i r ,  high temperature steam, 

A genera l  t h e o r e t i c a l  treatment o f  ac t iva t ed  
Grant (1961). 

Adsorption occurs by two mechanisms, both of 
carbon adsorpt ion.  They are :  

1. Van der Waalls adsorption, whereby 

o r  by hea t ing  i n  furnaces. 

carbons i s  given by 

which opera te  i n  a c t i v a t e d  

t h e  adsorbents (substances 
adsorbed) a r e  held by r e l a t i v e l y  weak fo rces  s i m i l a r  t o  t h e  
phys ica l  forces  causing t h e  condensation of a vapor. 

2. Chemisorption, whereby d e f i n i t e  ( r e l a t i v e l y  s t rong)  chemical 
i n t e r a c t i o n  between the  adsorbate molecules and the sur face  
molecules o f  the adsorbent occur. 

Generally, a c t i v a t e d  carbons a r e  good f o r  adsorbing nonpolar organic  
substances but  are poor adsorbents of inorganic  e l e c t r o l y t e s .  

The proper ty  of a c t i v a t e d  carbon t o  adsorb r e l a t i v e l y  l a rge  q u a n t i t i e s  
of organic l i q u i d s  o r  gases i s  due t o  the high su r face  area of the  
carbon p a r t i c l e s .  Most of th i s  surface area i s  p resen t  i n  the inne r  
s t r u c t u r e  of the p a r t i c l e s  ava i l ab le  through the  network of macroscopic 
and microscopic pores contained i n  the p a r t i c l e s .  The microscopic 
pores o r  micropores" cont r ibu te  most of the sur face  area a v a i l a b l e  
f o r  adsorp t ion  and a r e  l a r g e l y  a product of ac t iva t ion .  

11 
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The adsorpt ive 
s tance  depends 

capaci ty  of a n  ac t iva t ed  carbon f o r  a p a r t i c u l a r  sub- 
on the "pore s i z e  d i s t r ibu t ion ' '  o r  amount of sur face  

a rea  f o r  pore openings of various diameters. 
micropores must be similar i n  dimension t o  the diameter of the adsorb- 
e n t  molecules f o r  the carbon t o  accommodate these molecules,) It i s  
a l s o  dependent, t o  some exten t ,  on the chemical nature  of the adsorbent 
sur face ,  Actual capac i t i e s  f o r  p a r t i c u l a r  substances are no t  widely 
published and must, i n  most cases, be determined experimentally. I n  
some cases ,  one type of carbon may be s u f f i c i e n t  f o r  removing seve ra l  
impur i t ies  from a f l u i d  w i t h  a complex of impur i t ies ,  but  i n  o ther  
cases  it may be bet ter  t o  use more than one type of  carbon f o r  such a 
task. 

(The diameter of the 

Act ivated carbons a r e  t r a d i t i o n a l l y  spec i f i ed  f o r  e i t h e r  l i q u i d  o r  
gas  phase appl ica t ion .  These c l a s s i f i c a t i o n s  are based c h i e f l y  on 
pas t  uses of carbons w i t h  comparatively l a rge  pore s i z e s  f o r  water 
p u r i f i c a t i o n  (e.g, , most water treatment carbons are used for removing 
co lo r  bodies which a r e  l a r g e  organic molecules) and carbons w i t h  rela- 
t i v e l y  small pore sizes f o r  gas pur i f ica t ion .  However, the t r a d i t i o n a l  
gas p u r i f i c a t i o n  carbons have been found t o  be e f f e c t i v e  i n  removing 
odors and o t h e r  impur i t ies  f r o m  waste waters. 

6.1.2 Ion Exchange Resin 
Ion exchange r e s i n s  a r e  insoluble  hydrocarbon polymers t o  which a c t i v e  
a c i d i c  o r  bas i c  groups can be at tached.  Ion exchange takes place when 
ions i n  a l i q u i d  so lu t ion  a r e  interchanged w i t h  ions  a t tached t o  the 
r e s in .  The process i s  revers ib le  s o  the r e s i n  can be regenerated.  

The chemical na ture  of  i on  exchange r e s i n s  is  determined by the nature  
of the a t tached  ion izable  groups. 
r e s i n  a r e  commercially ava i lab le ;  namely, s t rongly  and weakly a c i d i c  
ca t ion  exchangers and s t rongly and weakly bas i c  anion exchangers. 
Natural ion  exchangers, known as z e o l i t e s ,  a r e  commercially ava i l ab le  
but  a r e  lower i n  capaci ty  than  the syn the t i c  r e s ins .  

Four major types of i on  exchange 
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Ion  exchange r e s i n s  a r e  used f o r  a v a r i e t y  of appl ica t ions  including 
t ransformation of i on ic  cons t i tuents ,  f r ac t iona t ion  of i on ic  substances,  
concentrat ion of i on ic  substances,  and removal of  i o n i c  substances. 
For sepa ra t ing  dissolved sa l t s  from so lu t ion ,  ca t ion  and anion exchange 
r e s i n s  can be used i n  separa te  beds i n  series o r  i n  a mixed bed. If 
the interchangeable  ions on t h e  cat ion and anion exchangers are H+ and 
OH' respec t ive ly ,  the o v e r a l l  r e s u l t  of removing a s a l t  from so lu t ion  
i s  interchanging H+ ions f o r  the ca t ion  of the s a l t  and OH' ions  f o r  
the anions of the  s a l t ,  r e s u l t i n g  i n  the production of water. This is, 
of course,  a desirable r e s u l t  when pur i fy ing  waste waters f o r  re-use. 

It i s  poss ib le ,  i n  some cases ,  t o  increase  the capaci ty  of i o n  exchange 
r e s i n s  (on a volume o r  weight bas i s )  by pretreatment .  For example, i n  
the case when it  i s  desired t o  remove N a C l  ( t h i s  i s  the case f o r  p u r i f i -  
ca t ion  of d i r t y  wash water) o r  other  so luble  ch lor ides  from so lu t ion ,  a 
s t rong  ca t ion  exchange r e s i n  pretreated w i t h  a so lu t ion  of AgNO is  
bel ieved t o  be e f f i c i e n t  i n  removing the sa l t s  (Kunin, 1962). The 
a c t i v e  i o n  on the ca t ion  exchange r e s i n ,  i n  t h i s  case,  i s  the s i l v e r  
i o n  which combines w i t h  the  chlor ine of the dissolved ch lor ide  t o  give 
s i l v e r  ch lor ide  which p rec ip i t a t e s .  The ca t ion  of the dissolved sa l t  
(e-g. ,  N a + )  takes the place of the s i l v e r  ion  on the r e s i n .  
t h i s  technique seems very desirable a t  f i rs t  considerat ion ( s ince  no 
anion exchange r e s i n  i s  requi red) ,  there  a r e  problems tha t  m u s t  be 
solved before  use of the " s i l v e r  sa l t "  ca t ion  exchange r e s i n  can be 
made. These a re :  

3 

Even though 

1. The p r e c i p i t a t e d  s i l v e r  chlor ide can appear i n  the e f f l u e n t  
from a column w i t h  t h i s  r e s i n  (Kunin, 1962). 

2. Additional r e s i n  beds must be used f o r  separa t ing  o u t  o ther  
inorganic  impur i t ies  not  forming inso luble  s i l v e r  salts. 

3. It i s  poss ib le  tha t  the p rec ip i t a t ed  s i l v e r  s a l t  would block 
some of the  pores of the  r e s i n  making i t  impossible t o  approach 
t h e o r e t i c a l  capaci ty .  



An experimental  program aimed a t  solving these problems would be use- 
f u l  i n  determining the p r a c t i c a b i l i t y  of the use of the ' ' s i l ve r  s a l t "  
technique. 

6 . 2  CARBONS AND RESINS USED IN SUBSYSTEMS 

6.2.1 Wash Water Subsystem 
Pi t t sburgh  type CAL ac t iva t ed  carbon was chosen f o r  the wash water 
subsystem on the basis of i t s  comparatively high capaci ty  f o r  benzal- 
konium chlor ide  and urea.  The ion exchange r e s i n s  chosen f o r  the wash 
water system were Rohm and Haas IR-120 s t rongly  a c i d i c  ca t ion  exchange 
r e s i n  followed by Rohm and Hass m-168 weakly bas ic  anion exchange 
r e s i n ,  This combination was recommended by Rohm and Haas t o  give a 
higher  capaci ty  on a weight basis than a s ing le  mixed bed or s t rongly  
a c i d i c  ca t ion  and s t rongly  basic  anion exchange r e s i n s  i n  s e r i e s .  I n  
add i t ion  t o  the Rohm and Haas IR-120 and ~ ~ 1 6 8 ,  a bed of Duolite C-3 
ca t ion  exchange r e s i n  w a s  included f o r  r e m v a l  of urea not  adsorbed by 
the a c t i v a t e d  carbon. The Duolite C-3 i s  followed by a bed of Rohm 
and Haas ~ ~ ~ 1 6 8  i n  order  to  adjust the p H  of the  f i n a l  e f f l u e n t  (see 
Sect ion I X ) .  
were determined by the  operat ing capac i t ies  for these r e s ins .  

The quan t i t i e s  of cat ion and anion exchange r e s i n s  used 

6.2.2 Fecal  Water Subsystem 
The a c t i v a t e d  carbon i n i t i a l l y  se lec ted  on the  basis of laboratory 
t e s t s  f o r  use i n  the f e c a l  water subsystem (Barnebey-Cheney GH-2) was 
ava i l ab le  for purchase on a 60-90 day de l ivery  only and consequently 
could not  be used. Barnebey-Cheney Type KE-1 was chosen as an a l t e rna -  
t i v e  on the basis of batch loading tests with type JE1. 
and JE-1 are the same carbons except f o r  mesh s i ze . )  
r e s i n  se l ec t ed  f o r  the f e c a l  water subsystem was Rohm and Haas MB-1 
monobed. 

("ypes KE-1 
The i o n  exchange 

6.2.3 Dehumidification Water Subsystem 
Barnebey-Cheney Type KE-1 ( the  same carbon a s  that used i n  the f e c a l  
watLr subsystem) was chosen for t h e  dehumidification water subsystem, 
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A summary of the ac t iva t ed  carbons, i on  exchange r e s i n s ,  and f i l t e r  
elements used f o r  the three  subsystems i s  shown i n  Table 6-1. 

6.3 LOADING OF CANISTERS 
Before loading c a n i s t e r s  w i t h  ac t iva ted  carbons, the carbon w a s  blown 
f r e e  of dust  p a r t i c l e s  w i t h  a i r .  The carbon was loaded i n t o  the can- 
i s ters  i n  the  dry s t a t e ,  the can i s t e r  being tapped o f t en  t o  fill any 
voids.  Because of the presence of appreciable  amounts of so luble  
sal ts  i n  the  Barnebey-Cheney KE-1 (see Sect ion I X ,  paragraph 9.2),  
c a n i s t e r s  loaded with t h i s  carbon had t o  be washed f r e e  of sa l ts  with 
de-ionized water and then dr ied.  Dacron f e l t  pads were placed a t  the  
ends of  the carbon and r e s i n  can i s t e r s  as l i q u i d  d i s t r i b u t e r s  and a l s o  
t o  keep carbon and r e s i n  p a r t i c l e s  from passing i n t o  the  e f f l u e n t  
stream. 

Ion exchange r e s i n s  were loaded i n t o  the can i s t e r s  i n  the  wetted state. 
Each bed w a s  packed t i g h t l y  w i t h  a wooden plunger before  the following 
bed w a s  loaded. 
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V I 1  

CORROSION STUDIES 

7.1 GENERAL 
Aluminum a l l o y  (type 6061) was used as the  basic  construct ion mater ia l  
f o r  the  can i s t e r s  and f i l t e r s  (see Sect ion VIII) . 
s e l e c t e d  t o  minimize the weight o f  the subsystem. Various prel iminary 
corrosion t e s t s  were run t o  confirm the s u i t a b i l i t y  of t h i s  material. 

This material was 

7.2 ALUMINUM I N  CONTACT WITH WASTE WATERS 
Test  s t r i p s  of 6061 aluminum a l l o y  were p a r t i a l l y  immersed i n  untreated 
f e c a l  d i s t i l l a t e  and d i r t y  wash water t o  determine whether o r  not  the 
metal  would' corrode when i n  continuous contact  with these waste waters. 
A f t e r  one month's t i m e ,  no corrosion o r  p i t t i n g  w a s  v i s i b l e  on e i t h e r  
sample and no w e i g h t  loss occurred. Surface d i sco lo ra t ion  d id  appear 
on the  sample immersed i n  f e c a l  d i s t i l l a t e ,  but i t  w a s  no t  i nd ica t ive  
of any unusual corrosion.  

7.3 CORROSION TESTS W I T H  WASTE WATERS, CARBONS, AND RESINS 
Even though the  samples of aluminum immersed i n  waste waters showed 
no s igns  of corrosion,  a prototype carbon c a n i s t e r  r insed  out  w i t h  
water,  drained,  ground open, and l e f t  open f o r  a few weeks did show 
some s l i g h t  loca l ized  p i t t i n g .  It was decided, therefore ,  t o  conduct 
corrosion t e s t s  on aluminum samples immersed i n  carbons, r e s ins ,  and 
waste water t o  dupl ica te  operat ing condi t ions.  The r e s u l t s  of these 
t e s t s  a r e  shown i n  Table 7-1. 

Aluminum s t r i p s  approximately 1" x 2" x 0,025" were f irst  pol ished 
w i t h  400 and 600 g ra in  emery t o  remove any films o r  o i l  which may 
have coated the  aluminum. A l l  samples were t e s t e d  f o r  two periods 
of a t  l eas t  48 hours. Corrosion r a t e s  were ca lcu la ted  and found t o  
be moderately low (from 1 t o  approximately 10 mils penetrat ion/yr) .  
Metals w i t h  corrosion r a t e s  o f  2-20 m i l s / y r  a r e  normally r a t e d  "good." 
For the  1 t o  6-month se rv ice  an t i c ipa t ed  f o r  the carbon and r e s i n  
c a n i s t e r s ,  the ca lcu la ted  rates of corrosion can be considere'd 
acceptable  . 



c 

Some s l i g h t  p i t t i n g  was observed along t h e  i n t e r f a c e  of samples 4, 6, 
and 9 and s l i g h t  p i t t i n g  occurred on the  top  half  of sample 9 .  Cor- 
ros ive  coa t ings  were removed by e i t h e r  rubbing off o r  by using 400 
g r a i n  emery. It can be concluded from these  tes ts  t h a t  l i m i t e d  cor- 
ros ion  occurs on 6061 aluminum alloy immersed completely i n  waste 
waters w i t h  carbons o r  r e s i n s ,  and s l i g h t  p i t t i n g  can occur on alwni- 
nun i n  t h e  presence o f  damp carbon. 

7 .4  CORROSION TESTS ON COATED ALUMINUM 

A se t  of  acce le ra t ed  tests w a s  made t o  determine t h e  e f f ec t iveness  of 
var ious coat ings i n  p ro tec t ing  aluminum. The tests were made with 
anodized samples and v iny l  and epoxy coated samples, t h e  l a t t e r  two 
p re - t r ea t ed  as shown below: 

Vinyl Coating 
1. Cleaned with isopropanol; deoxidine and alodine preparat ion.  
2. Navy formula. 117 and 120 v iny l  coat ings.  

Epoxy Coating 
1. Cleaned with isopropanol; deoxidine and a lodine  preparat ion.  
2. Devran 204 (Devoe and Raynolds) epoxy coat ing.  

Each type of  sample was immersed i n  the  following ion  exchange r e s ins :  
Rohm and Hass I R - 1 2 0 ,  E-168, MB-3, and Duolite C - 3 .  

The samples were examined a f t e r  65 hours of contac t .  The anodized 
samples showed no s i g n i f i c a n t  improvement a s  compared with uncoated 
aluminum. The v iny l  coated samples with deoxidine and a lodine  
sur face  prepara t ion  gave the  highest  o v e r a l l  r e s i s t a n c e  t o  a t t ack .  
Five of t h e  r e s i n  c a n i s t e r s  were thus v iny l  coated. The coated 
c a n i s t e r s  and the  c a n i s t e r s  l e f t  uncoated can be observed a t  a l a t e r  
da te  t o  determine whether or not any ser ious  corrosion occurs i n  
a c t u a l  use. 

‘7-2 



rl 
3. c G c 
4: 

2 
c 

I C - :  
r - 5  

2 
C 
t- u: 
C 
P 

c E 

m r l  0-4- k c u  wcu c-ul d F  Mu7 o u 7 w - 3  ar- rlrl a m  mrl u3N con do cu-3 aul 
0 0 0 0  o o o o o o r c o  o o r l o r l o  
0 0 0 0  0 0 0 0  0 0 0 0  0 0 0 0 0 0  

9 .  . .  9 .  = . ,  9 .  d d d d d d d d o o  0 0  0 0  0 0  0 0  

r f r l r l i - i r l r l r l  

mc cua G 0 

.. 
m 
3 
0 
rl 
rl 
0 
k 

u1 
cd 
a, 
k 

2 

s 
R 

0 
d * 
d 
d 

0 

-P 
m 

rl 

7-3 



HARDWARE DESCRIPTION 

8.1 CANISTERS AND FILTER HOUSINGS 
Aluminum and t ransparent  p l a s t i c  were considered as poss ib le  materials 
of  cons t ruc t ion  f o r  the ion  exchange r e s i n  can i s t e r s  and f o r  the f i l t e r  
housings. Transparent housings would allow use of a color- indicat ing 
ion  exchange r e s i n  and would a l l o w  v i s i b l e  inspec t ion  of the f i l t e r  
element, t o  determine the po in t  o f  exhaustion. Calculat ions showed 
t h a t  the use of p l a s t i c  f o r  these c a n i s t e r s  and f i l t e r  housings would 
inc rease  the t o t a l  weight of the  three  subsystems by about 7 l b  over 
that  of  aluminum. It was therefore  decided t o  use aluminum f o r  con- 
s t r u c t i o n  of these containers  as w e l l  as f o r  f ab r i ca t ing  the carbon 
can i s t e r s .  The thickness  of  the  carbon and r e s i n  containers  (0.025") 
i s  s u f f i c i e n t  for them t o  withstand a pressure d i f f e r e n t i a l  ( i n t e r n a l  
o r  e x t e r n a l )  of 15 psig.  

Welding, d ip  brazing, and the use of an epoxy-aluminum adhesive (8@ 
aluminum and 20$ epoxy) were three can i s t e r  f a b r i c a t i o n  techniques 
considered. The epoxy-aluminum mixture was el iminated from f u r t h e r  
considerat ion s ince  i t  is  not  considered t o  be a s  r e l i a b l e  as welding 
( the  s t r eng th  of the bond i s  markedly dependent on proper e tching of 
the aluminum and on proper appl ica t ion  of the adhesive) .  
al though f e l t  t o  be an e f f e c t i v e  method f o r  bonding aluminum, was no t  
used s ince  i t  involves r e l a t i v e l y  high temperatures and this  process  
could not  be used i n  the f i n a l  sea l  j o i n t  enclosing ion  exchange r e s i n  
o r  a pleated ca r t r idge  f i l t e r .  Therefore, hel iarc  welding w a s  used. 
I n  order  t o  p r o t e c t  the r e s i n s  and f i l t e r  ca r t r idges  from excessive 
heat, an extended j o i n t  design was used and a l l  containers  were immersed 
i n  water approximately 1/2" f r o m  the top b r i m  when making the  f i n a l  
s e a l  weld. Inspect ion following sec t ion ing  of  a prototype r e s i n  c a n i s t e r  
and f i l t e r  sealed i n  t h i s  manner showed tha t  no damage occurred. 

D i p  brazing, 
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- D e t a i l s  of the carbon (and r e s i n )  can i s t e r  a r e  shown i n  Figures-8-1, 
8-2, and 8-3. Deta i l s  of the filter a re  shown i n  Figures 8-4 and 8-5. 

8 .2  MOUNTING SUPPORTS 
Three a l t e r n a t e  designs considered f o r  mounting supports  f o r  the  can- 
i s t e r s  a r e  shown below. Comments ind ica t ing  the reason f o r  s e l e c t i o n  
o r  r e j e c t i o n  of design a r e  included. 

8.2.1 Alterna te  Mounting Support Designs 

Design Comments 
1. Spring clamps 1. Springs s t rong  enough t o  support  

the can i s t e r s  would be very stiff' 
and make "zero g" mounting 
d i f f i c u l t  . 

2. U s e  of metal s t r a p s  2. Supports i n  add i t ion  t o  s t r a p s  
needed. Manual mounting d i f f i -  
c u l t i e s  an t ic ipa ted .  

3. Beveled c a n i s t e r  3. Believed t o  be the  most r e l i a b l e  
r e t a i n e r s  mounted and l i g h t e s t  support .  
on aluminum channel 
frame . 

The beveled c a n i s t e r  r e t a i n e r s  mounted on an aluminum channel frame 
wereadopted f o r  mounting of the three subsystems. Figures  8-6, 8-7, 
and 8-8 show the three  mountings with can i s t e r s .  Sealed connections 
be tween c a n i s t e r s  were made with 1/4-inch, t rans luscent  polypropylene 
tubing using aluminum connectors incorporat ing a round knurled nut  and 

aluminum i n s e r t  ( s e e  Figures 8-2 and 8-3). 

Polypropylene tubing was chosen because of i t s  exce l l en t  phys ica l  and 
chemical p rope r t i e s  including l i g h t  weight, abrasion and corrosion 
r e s i s t ance ,  lack of odor and t a s t e ,  p lus  the f a c t  i t  i s  e a s i l y  worked. 
Tubing connectors were used r a the r  than quick-disconnect f i t t i n g s  s ince  
the l a t t e r  s p i l l  s m a l l  quan t i t i e s  of l i q u i d  when disconnected and they 
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FIGURE 8-2 COMPONENTS OF CARBON (AND RESIN) CANISTERS 
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(1) To reclaimed water tank 
(2) Sample line 
(3) Compressed air supply 
(4) 
(5) Carbon canister 
(6) Bacterial filter 
(7) Two way valves 

From waste water storage tank 

FIGURE 8-5 DEI?UM!D!FICAT!ON WATER SUBSYSTEM 



(1) 
(2) Sample line 
(3) Compressed air supply 
(4) 
(5) Carbon canisters 
(6) Resin canister 
(7) Particulate filter 
(8) Beveled canister retainer 
(9) Phenolic plastic canister saddle 
(10) Aluminum channel frame 
(11) Two-way valves 
(12) Replacement support position 

To reclaimed water storage tank 

From waste water storage tank 

FIGURE 8-7 W A S H  WATER SUBSYSTEM 



(1) 
(2) Sample line 
(3) Compressed air supply 
(4) 
(5) Carbon canisters 
(6) Resin canister 
(7) Particulate filter 
(8) Beveled canister retainer 
(9) Phenolic plastic canister saddle 
( io)  Aiuminuni channel f rame 
(11) Two way valves 
(12) Replacement support position 

To reclaimed water storage tank 

From waste water storage tank 

FIGURE 8-8 FECAL WATER SUBSYSTEM 
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are r e l a t i v e l y  heavy. 
t o  be used when changing canis te rs  and/or f i l t e r s .  

Each mounting has a spare  pos i t i on  with supports 

8.3 STORAGE RACKS 
Storage of spare  c a n i s t e r s  and f i l t e r s  f o r  the 1-year mission i s  pro- 
vided f o r  i n  racks made of thin-wall aluminum tubing (1/4" O.D. x 0.48" 
w a l l  and 1/2" O.D. x 0.49" w a l l )  welded together .  Nylon s t r a p s  with 
brass grommets and snaps hold the  c a n i s t e r s  i n  place.  
could be r ea l i zed  w i t h  aluminum grommets and snaps in s t ead  of brass, 
but  these  were not  ava i l ab le  a t  t i m e  of f ab r i ca t ion . )  
the  f i n i s h e d  s torage containers  w i t h  spare  can i s t e r s  and f i l t e r s .  

(A w e i g h t  savings 

Figure 8-9 shows 

8.4 NOTATION 
A l l  c a n i s t e r s  and f i l t e rs  were s t enc i l ed  w i t h  black i n k  t o  i d e n t i f y  
the  contents .  The f i rs t  l e t t e r  ind ica tes  whether the container  holds 
a c t i v a t e d  carbon ( C ) ,  ion  exchange r e s i n  ( R ) ,  o r  a f i l t e r  ca r t r idge  (F). 
The remaining le t ters  denote what system or systems the c a n i s t e r  o r  
f i l t e r  should be used in.  
f i l t e rs  may be interchanged, see  Sect ion X.) 
t i o n  of flow where necessary. 
used. 

( In  emergencies the  d i f f e r e n t  c a n i s t e r s  and 
Arrows spec i fy  the direc-  

T a b l e  8 -1 is  a l i s t  of the  nota t ions  

TABLE 8-1 
NOTATION ON CANISTERS AND FILTERS 

Notation 

C-FE/D 

R- FE 
F-D 
F-W/FE 

Defini t ion 
~~ ~ 

Activated carbon f o r  wash water subsystem. 
Activated carbon f o r  f e c a l  water or dehumidification 
water subsys tern. 
Ion exchange r e s i n  f o r  wash water subsystem. 
Ion exchange r e s i n  f o r  f e c a l  water subsystem. 
F i l t e r  ( b a c t e r i a l )  f o r  dehumidification water subsystem. 
F i l t e r  f o r  wash w a t e r  o r  f e c a l  water subsystem, 

8.5 SYSTEM WEIGHT SUMMARY 
Design of  the  water reclamation hardware was made w i t h  minimizing weight 
as a primary object ive.  A swnmary of the measured weights i s  given i n  
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'Table  8-2. It should be noted t h a t  the s torage container  weights a r e  
somewhat high because of the use of brass grommets and snaps. It i s  
a l s o  poss ib le  t ha t  the weights of carbons and r e s i n s  are high, s ince  
the number of spares i s  based on conservative calculat ions.  Ultimate 
c a p a c i t i e s  of the carbons and r e s i n s  can only be determined by extended 
t e s t s  i n  space s imulators .  

Figure 8-10shows the  estimated weights of the three m u l t i - f i l t e r  sys- 
tems for d i f f e r e n t  mission lengths .  The estimated weights are based 
on the  q u a n t i t i e s  of waste waters assumed i n  the design of the sub- 
systems (see Sect ion 11). 
a th ree  o r  four-man crew. It should be noted that  a l l  r e s i n  weights 
include some water as i t  must be maintained i n  a moist condition. 

These quan t i t i e s  of water are obviously f o r  

8 -11 





TABLE 8-2 

SUMMARY O F  ACTUAL SUBSYSTEM WEIGHTS 
(ONE YEAR MISSION) 

Wash Water Subsys tem Weight ( l b )  

Act ivated carbon 
Carbon containers  (13) 
Ion exchange r e s i n  
Resin containers  (12) 
F i l t e r  elements 
F i l t e r  housings 
Fasteners  and mounting 

TOTAL 

Fecal Water Subsystem 

Activated carbon 
Carbon containers  (5) 
Ion exchange r e s i n  
Resin containers  (2)  
F i  1 t e r  elements 
F i l t e r  housings 
Fasteners  and mounting 

TOTAL 

Dehumidification Water Subsys tern 

Activated carbon 
Carbon containers  (2)  
F i l t e r  elements 
F i l t e r  housings 
Fasteners  and mounting 

TOTAL 

Storage Containers 

Carbon c a n i s t e r  s torage container 
Resin c a n i s t e r  s torage container  
F i l t e r  s torage  container  

TOTAL 

28.5 
7.41 

49.2 * 
6-84 
2.45 
2.28 
3.42 imm 

13.2 
2.85 
7.46 
1.14 
0.41 
0.38 
3.42 

-TE-€E 

5.28 
1.14 
0.84 
0.76 
1.32 
9.34 

2.80 
2.34 
1.77 
6.91 

GRAND TOTAL OF THREE SUBSYSTEMS AND 
STORAGE CONTAINERS 145.2 

*The i on  exchange r e s i n  weight f o r  wash water i s  somewhat high (by 
about 2.9 l b )  because of water l e f t  i n  the container  due t o  r in s ing .  
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I X  

TESTING OF SUBSYSTEMS 

T h i s  s ec t ion  descr ibes  test  r e s u l t s  w i th  the subsystems as f i n a l l y  
designed. Because of the l imited q u a n t i t i e s  of waste water ava i l ab le  
and because of l imi ted  time, extended t e s t i n g  could not  be undertaken. 
However, the  tes t  r e s u l t s  obtained do show tha t  the  t r e a t e d  water from 
each subsystem meets the required spec i f i ca t ions .  F'requency of canis- 
t e r  replacement was not determined experimentally,  bu t  was ca lcu la ted  
from t h e o r e t i c a l  considerat ions and from p r i o r  laboratory r e s u l t s .  
The numbers of spare  can i s t e r s  and f i l t e rs  provided f o r  each subsystem 
is  given i n  Table 6-1, 
subsystem i s  expected t o  be lmonth.  L i fe  expectancy f o r  can i s t e r s  i n  
the o t h e r  two subsystems v a r i e s  from 3 t o  6 months. Since replacement 
frequency is  highly dependent on composition of the waste waters, can- 
i s t e r  l i f e  can best be determined i n  extended tests with manned space 
s imulators .  

Canis ter  and f i l t e r  l i f e  f o r  the wash water 

9.1 WASH WATER SUBSYSTEM 
Stee le ,  -- e t  a1 (1962) ca r r i ed  out  prel iminary loading tests using carbon 
and r e s i n  t o  determine the most e f f ec t ive  m u l t i - f i l t e r  system f o r  wash 
water reclamation. They a l s o  tested benzalkonium chlor ide  (BAC) as a 
washing (and a n t i s e p t i c )  agent. 

For evaluat ing the wash water subsystem, a concentrat ion of 0.055$ RAC 
was chosen as the washing agent. About 12 l b  of used wash water from 
th ree  volunteers  were t r ea t ed  i n  the wash water subsystem and the clean 
e f f l u e n t  col lected.  Four pounds o f  t h i s  e f f l u e n t  were used f o r  a l l  
subsequent t e s t ing .  This clean e f f luent  was s o i l e d  by d a i l y  bathing, 
p u r i f i e d  i n  the subsystem, and re-used through f i v e  complete cycles.  
Small quan t i t i e s  of water were removed f o r  samples and th i s  loss  was 
corrected by adding used wash water before recycl ing.  The flow rate  
of the wash water was maintained a t  approximately 10 ml/min, (1.3 lb/hr)  
r e s u l t i n g  i n  a pressure drop o f  0.5 t o  2 psig.  An occasional  increase 



i n  p re s su re  drop was observed and found t o  be due t o  a i r  trapped i n  
the  carbon can i s t e r s .  Occasional depressur iza t ion  of the  feed tank 
was necessary t o  prevent  continued increase  i n  pressure drop. 

9.1.1 Analy t ica l  T e s t  Methods 
A "Photovolt" pH meter was used f o r  determining the hydrogen i o n  
concentrat ion.  

A "Solu Bridge" wi th  a dip-type conduct ivi ty  c e l l  manufactured by 
I n d u s t r i a l  Instruments,  Inc. w a s  used f o r  the conduct ivi ty  measurements. 

-- 
NH4+, C1-, SO4 , and urea were determined q u a l i t a t i v e l y  as follows: 

C1- - S i l v e r  n i t r a t e  t e s t  so lu t ion  
-- - Barium chlor ide  tes t  s o l u t i o n  s04 

NH4+ - Nessler reagent  

Urea - hydrolysis  with urease, then add i t ion  of Nessler reagent  

Benzalkonium chlor ide  (BAC) - IlpHydrion" paper QT-10 f o r  t e s t i n g  
quaternary compounds co lo r ime t r i ca l ly  by comparison w i t h  co lo r  cha r t .  

Chemical Oxygen Demand (COD) - Rapid method of Porges, et 
was used. 

(1960) 

Tota l  s o l i d s  - gravimetr ic  method by evaporating water a t  105OC u n t i l  
cons tan t  weight. 

9.1.2 D i f f i c u l t i e s  Encountered 
Preliminary tests were made i n  a labora tory  model of the wash water 
subsystem t o  confirm ef fec t iveness  of the scheme of beds of ca t ion  and 
anion exchange r e s i n s  as o r i g i n a l l y  designed. 
e f f l u e n t  water had pH's of 3.1 and 3.4 and i t  was therefore  necessary 
t o  remove p a r t  of t h e  Duolite C-3 (included f o r  adsorpt ion of urea) 
and rep lace  it w i t h  Rohm and Haas XE-168 anion exchange r e s in .  
of the  e f f l u e n t  water from this improved s e t u p  gave the following 
r e s u l t s  : 

It w a s  found that  the 

Test ing 



This 

pH - 7.6 
Spec i f i c  conduct ivi ty  - 26 micromhos/cm 
Odor - s l i g h t l y  res inous (from ion  exchange r e s i n )  
C1- - negat ive 
Urea - negative 

scheme re su l t ed  i n  a s a t i s f a c t o r y  pH, and r e s i n  c a n i s t e r s  were 
reloaded accordingly ( layer  of  I R - 1 2 0 ,  then XE-168, C-3,  and -168 
a t  end).  

A carbon c a n i s t e r  (CAL carbon) was flushed with de-ionized water; the  
conduct ivi ty  of the e f f l u e n t  was 52 micromhos/cm and the  pH was 10.0. 
Af te r  s teeping  overnight,  the conduct ivi ty  of the e f f l u e n t  was 95. 
was not  thought necessary to wash th i s  carbon as the e f f l u e n t  was equal  
t o  Groton t ap  water i n  conduct ivi ty ,  and i n  a c t u a l  p r a c t i c e  the r e s i n  
c a n i s t e r  downstream would remove the  small amount of sa l ts  given up by 
the  carbon. However, i n  fu tu re  p rac t i ce  pre-washing w i t h  de-ionized 
water and drying of the carbon i s  recommended t o  remove a l l  so luble  
matter. 

It 

I n  i n i t i a l  t e s t i n g  of the wash w a t e r  system, seve ra l  problems occurred, 
Ef f luent  was found t o  give a pos i t i ve  t e s t  f o r  BAC and NH4+. 
t i a l  e f f l u e n t  was co lored ' s l igh t ly  yellow, There w a s  a l s o  pronounced 
t a s t e  and odor i n  the e f f l u e n t  water. These d i f f i c u l t i e s  were t raced 
t o  the  r e s i n  c a n i s t e r  and more closely t o  the XE-168 r e s i n  and Dacron 
f e l t  a t  the downstream end, and t o  the p a r t i c u l a t e  f i l t e r .  
contains  t e r t i a r y  amine funct ional  groups and gave a p o s i t i v e  t e s t  f o r  
BAC and NH4+ due t o  impuri t ies  i n  the  r e s i n  which disappeared on washing. 
It is  poss ib l e  that  even though the can i s t e r s  were immersed i n  water 
during the f inal  weld, a l imi ted  amount of overheating may have occurred 
i n  the  v i c i n i t y  of the Dacron f e l t  o r  r e s in .  
and/or r e s i n  would contr ibute  color.  
t o  the contents  due t o  hea t  o r  welding was obviously l imi ted ,  s ince  only 
a small amount of  e f f l u e n t  was discolored and the c a n i s t e r s  subsequently 
p u r i f i e d  used wash water s a t i s f a c t o r i l y .  
re leased  considerable odor and t a s t e  t o  water being passed through, and 

The i n i -  

XE-168 

The breakdown of the f e l t  
Any damage that might have occurred 

The P a l l  p a r t i c u l a t e  f i l t e r  
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1 * showed s l i g h t l y  p o s i t i v e  when subjected t o  a t e s t  f o r  NH$. The f i l t e r s  
had t o  be washed f r e e  of the odor (due t o  a p l a s t i c i z e r  used i n  the end- 
seal)  wi th  ho t  water (15OoF t o  17OoF) and vacuum dried a t  7OoC. 

Corporation s t a t e d  that  the  p l a s t i c i z e r  contamination was due t o  a 
manufacturing d i f f i c u l t y  and i t  would not  occur i n  fu tu re  shipments. 

P a l l  

1 
When the two carbon c a n i s t e r s  i n  the wash water recovery system were 
dismantled af ter  t e s t i n g  and the water w a s  blown out ,  a slight odor of 
H2S was evident .  
c a n i s t e r s  w i t h  lead a c e t a t e  paper did not  give a p o s i t i v e  tes t  for H2S 
and the c h a r a c t e r i s t i c  odor of H2S disappeared immediately. 
bel ieved that  the odor threshold for H2S i s  more s e n s i t i v e  than the 
lead a c e t a t e  paper q u a l i t a t i v e  t e s t .  
b a c t e r i a  on the carbon a c t i n g  on the wash water a f t e r  the  BAC (an t i -  
s e p t i c )  has been removed. 

I 
I 
1 
I 
I 9.1.3 Resul ts  and Discussion 

Subsequent t e s t i n g  of t h i s  water from the carbon 

It i s  

The H2S i s  probably evolved from 

This point  requi res  further inves t iga t ion .  

The r e s u l t s  of t e s t i n g  the wash water recovery subsystem are shown i n  
Table 9-1. 
above and the taste and odor contamination from the f i l t e r  have also 

The questionable pos i t ive  tes t  f o r  "4' has been discussed 

been explained. 

A recovery e f f i c i ency  of 99.M was ca lcu la ted  for the  wash water system. 
This e f f i c i ency  was calculated on the  basis of the amount of water 
remaining i n  the ac t iva t ed  carbon, i on  exchange r e s i n ,  and f i l t e rs  a f te r  
these c a n i s t e r s  were drained o f  water w i t h  an a s p i r a t o r .  Excess water 
can a l s o  be drained out  by blowing a i r  through the  can i s t e r s .  Losses 
due t o  evaporat ion were not  taken i n t o  considerat ion s ince  t h i s  water 
would be recovered by the dehumidification system i n  a space cabin. 

I n  a review of the chemical composition of sweat, Robinson and Robinson 
(1954) reported that  s u l f a t e s  were present  (4  t o  17 mg/lOO m l ) .  
i n t e r e s t i n g  t o  note that  no su l f a t e s  were found i n  the wash water a t  
E l e c t r i c  Boat. This ind ica t e s  tha t  s u l f a t e s  were absent  from the  
pe r sp i r a t ion  of our  three subjects .  

1 
I 

It i s  

I 
I 
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1 *9.1.4 Conclusions and Recommendations 
The t e s t s  on the wash water s u b s y s t e m  ind ica t e  t h a t  not  only did the 

u n i t  y i e l d  water s u i t a b l e  f o r  use a s  clean wash water, but  a l s o  the 
e f f l u e n t  water a f te r  f i v e  cycles  apparent ly  met the  U. S. Public Health 
Service dr inking water s tandards (1962). 1 
For f u t u r e  work i t  i s  recommended that the carbon can i s t e r s  be thoroughly 
f lushed w i t h  de-ionized water ( t o  remove any salts)  and subsequently be 
s t e r i l i z e d  and d r i ed  i n  a hot  a i r  oven a t  13OoC. 
should a l s o  be f lushed with de-ionized water t o  remove impur i t ies  which 
caused f a l s e  t e s t s .  

I 
I 
I 9.2 DEHUMIDIFICATION WATEB SUBSYSTEM 

The r e s i n  c a n i s t e r s  

Dehumidification water f o r  t e s t i n g  the  system was procured from the  
space cabin s imulator  a t  Wright-Patterson A i r  Force Base and from the  
nuclear  submarine SSB(N)602. The s imulator  water had an "organic" odor 
which was not  unpleasant. The submarine water had a s t rong,  unpleasant 
odor due t o  the smoking and cooking, e t c .  and would serve as an example 

passed through the  subsystem a t  a flow rate  of 10 ml/min. giving a pres- 
su re  drop of from 0.5 t o  0.9 psig.  

9.2.1 Analyt ical  Test  Methods 
Methods used a r e  given under "Wash Water Subsystem" paragraph 9.1.1. 
Total  b a c t e r i a l  counts and coliform counts were ca r r i ed  out  using the 
Mil l ipore F i l t e r  Technique given i n  APHA publ ica t ion  "Standard Methods 
f o r  the  Examination of Water and Waste Water" (1960). 
so lu t ion  w a s  used f o r  t e s t i n g  f o r  the presence of aluminum. 

I of heavi ly  contaminated dehumidification water. The waste waters were 

I 
I 
I 

Ammonia tes t  

I 
9.2.2 D i f f i c u l t i e s  Encountered 
I n  prel iminary tests of th i s  system, the f i r s t  250 m l  of e f f l u e n t  had 1 
a conduct ivi ty  of 45,000 micromhos/cm due t o  the impur i t ies  i n  the  
carbon. To el iminate  the impuri t ies ,  the carbon c a n i s t e r s  were f lushed 
w i t h  de-ionized water u n t i l  the conduct ivi ty  reading w a s  below 20 
micromhos/cm. The carbon can i s t e r  was then f i l l e d  w i t h  de-ionized water 
and allowed t o  e q u i l i b r a t e  f o r  2 h o u r s  o r  overnight.  If' the  conduct ivi ty  

I 
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. reading  rose,  the washing and equ i l ib ra t ing  was continued u n t i l  the  

The c a n i s t e r s  were then reading was below sca l e  (20 micromhos/cm) . 
dr i ed  i n  a h o t  a i r  oven a t  13O0C. Three per iods of  washing and three  
per iods of equ i l ib ra t ion  were necessary t o  thoroughly f l u s h  carbon 
c a n i s t e r s  f r e e  of soluble  impuri t ies .  I n  fu tu re  work the carbon used 
should be thoroughly washed, e i t h e r  by the manufacturer or before 
loading i n t o  the  can i s t e r s .  

9.2.3 Resul ts  and Discussion 
The r e s u l t s  of t e s t i n g  recovered water from the  space s imulator  and 
submarine dehumidification system a r e  shown i n  Table  9-2. 

Recovered s imulator  water was f r ee  of  ammonium ions,  whereas recovered 
submarine water was not.  Ion exchangers added t o  the system would 
improve the q u a l i t y  of the water recovered from the  heavi ly  contami- 
nated submarine dehumidification system and a l s o  remove the NH4+. The 
submarine water, a f t e r  treatment,  had about f i v e  times as much organic 
mat ter  as the  t r ea t ed  s imulator  water. It would be i n t e r e s t i n g  to 
check submarine dehumidification water from a crew of non-smokers as 
it i s  bel ieved t h a t  the heavy load of impur i t ies  i n  the  dehumidifica- 
t i o n  water i s  l a r g e l y  due t o  smoking by the crew. 

The COD of  recovered submarine water seems high. 
has 170 ppm; s p e c i a l  laboratory sewage ef f luent*  has about 1000.) It 
i s  surmised tha t  this high value i s  due t o  small v o l a t i l e  organic 
molecules not  adsorbed by the  carbon. The t o t a l  s o l i d s  values  of both 
o r i g i n a l  and recovered waters were low and a r e  ind ica t ive  of non-volat i le  
cons t i tuents .  The t o t a l  s o l i d s  values were e s s e n t i a l l y  unchanged by the 
m u l t i - f i l t e r  treatment.  The conduct ivi ty  value of the  treated submarine 
water (200 micromhos/cm) was higher than t r e a t e d  s imulator  water (65) and 
Groton tap  water ( 9 5 ) ,  but addi t iona l  treatment with ion  exchange r e s i n  
would remedy this .  

m 
1 

1 

I 
8 

(Groton tap  water 
I 
I 
I 

I 

*A s p e c i a l  sewage e f f l u e n t  from a highly concentrated human waste 
t r ea t ed  i n  a laboratory ac t iva ted  sludge d iges to r  had a COD value 
of about 1000. 
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1 
1 i n  paragraph 9.1.3. 

* A recovery e f f i c i ency  of 99.5% was ca lcu la ted  f o r  the dehumidification 
Calculat ions were made on the basis of' assumptions descr ibed system, 

# 9.2.4 Conclusions and Recommendations 
The space cabin s imulator  water which would more c lose ly  resemble a c t u a l  
space condi t ions was most successful ly  recovered and no modif icat ions 
are necessary i n  t h i s  system based on the t e s t s  conducted. 

I The recovered dehumidification water from both the space s imulator  and 
submarine were pa l a t ab le  and the m u l t i - f i l t e r  system operated success- 
fully. 
the  s tandards foy potable  water. 

Simulator  recovered water i s  of  higher q u a l i t y  than submarine recovered 
water. Further  s tudy of the  recovered dehumidification water from the 
submarine would be i n t e r e s t i n g .  Gas chromatography might assist i n  
i d e n t i f y i n g  contaminants and long-term feeding s tud ie s  w i t h  animals 
would check for poss ib le  t o x i c i t y  due t o  r e s i d u a l  contaminants re- 
s u l t i n g  from smoking by the crew. 
marine recovered water is  not  considered ser ious ,  as t reatment  with 
i o n  exchange r e s i n  would remove t h i s  contaminant. 

The recovered s imulator  and submarine waters apparent ly  meet 

1 
1 
I The p o s i t i v e  t e s t  f o r  NH4+ i n  sub- 

- 

9.3 FECAL WATER RECOVERY SUBSYSTEM 

Thg ' i n i t i a l  design f o r  t h i s  f e c a l  water recovery system, based on 
loading t e s t s  and column operation w i t h  carbons and r e s ins ,  i s  given 
i n  S t e e l e ,  e t  a 1  (1962). The f eca l  water used for t e s t i n g  t h i s  system 
was obtained from the  MRD Division, General American Transportat ion 
Corporation, Niles ,  I l l i n o i s .  This  water was prepared by d i s t i l l a t i o n  
o f  feces  and subsequent " l i g h t "  treatment with ac t iva t ed  carbon r e -  
s u l t i n g  i n  a product of slightly unpleasant o d n r .  

1 
-- 

m 
KE-1 carbon, as used f o r  the dehumidification water subsystem, and 
MB-1 ion  exchange r e s i n  were se lec ted  f o r  t h i s  u n i t ,  
1'' I.D., were used in s t ead  of the  a c t u a l  subsystem s ince  the amount of 
feca l  water ava i l ab le  f o r  t e s t i n g  w a s  too small. 

I 
1 

Glass columns, 

The carbon w a s  packed 
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* i n t o  a column 23.5" long and the r e s i n  packed i n t o  a c o l m  12" long. 
A flow r a t e  of  90 m l / h r  w a s  used, r e s u l t i n g  i n  a pressure drop o f  0.5 
p s i g  across  the system. 
as the designed ra te  f o r  the subsystem.) 

(This f l o w  r a t e  gives  the same bed v e l o c i t y  

9.3.1 Analy t ica l  Test  Methods 
The methods used f o r  t e s t i n g  f eca l  water a r e  the  same as those used 
f o r  wash water and dehumidification water. 

9.3.2 D i f f i c u l t i e s  Encountered 
The so luble  s o l i d s  were f lushed o u t  of the carbon c a n i s t e r s  before  
t e s t i n g  using the  method out l ined  under dehumidification water; however, 
a s u i t a b l e  method had not  been developed a t  t h i s  time f o r  removing 
impuri t ies  f r o m  the f i l t e r  elements so  t h a t  contaminants as NH4+ and 
odor from the f i l t e r  ( the e f f luen t  w a s  not  t a s t e d )  were present  i n  the 
f e c a l  e f f l u e n t .  
t ies  from the f i l t e r  element by a i r  purging w a s  i ne f f ec t ive .  As noted 
previously,  i t  was l a t e r  found t h a t  continuous f lush ing  w i t h  ho t  water 
(150° - 17OoF) f o r  about 3 days was necessary t o  remove t r a c e s  of odor 
and f l a v o r  imparted t o  the water. 

The manufacturer's recommendation f o r  removing impuri- 

9.3.3 Resul ts  and Discussion 
The r e s u l t s  of the  tes t  program f o r  the  f e c a l  water subsystem a r e  given 
i n  Table 9-3. The reason f o r  odor i n  the  e f f l u e n t  and the questionable 
p o s i t i v e  t e s t  f o r  NH4+ are explained above and were due t o  contamination 
from the f i l t e r .  A recovery e f f ic iency  of 96.0% w a s  ca lcu la ted  for this 
s y s  tem. 

The q u a l i t y  of  the water received from General American Transportat ion 
Corp. is  super ior  t o  the q u a l i t y  o f  water used during the design s tudy 
phase of t h i s  program, and the amounts of carbon and r e s i n  suppl ied i n  
t h i s  subsystem w i l l  probably be much more than required f o r  a 1-year 
mission. 

It was expected that  col i form bac ter ia  (as wel l  as o the r  micro-organishs) 
would'be absent  o r  low i n  the feed water s ince  they would be destroyed 
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during t h e  d i s t i l l a t i o n  procedure i n  the production of the f e c a l  water 
from feces .  This was found t o  be the case. 

9.3.4 Conclusions and Recommendations 
The f e c a l  water subsystem furnished water of high quali ty.  
would no t  only be s u i t a b l e  f o r  washing, but ,  based on the results 
obtained,  would also probably be su i t ab le  f o r  dr inking (water w a s  no t  
a c t u a l l y  t a s t e d )  . 

This water 

Proper prewashing and drying of both the carbon and the f i l t e r  
improved manufacturing methods) as mentioned previously,  is necessary 
t o  remove contaminants from these mater ia ls .  

(or 

9-1 2 



8 
8 
8 
8 
I 
1 
1 
I 
I 
1 
I 
I 
1 
8 
8 
I 
8 
8 
1 

X 

OPERATION O F  SUBSYSTEMS 

10.1 GENEBAL 
The m u l t i - f i l t e r  subsystems are r e l a t i v e l y  simple t o  operate.  The 
f e c a l  water and wash water subsystems are arranged with two carbon 
c a n i s t e r s  i n  s e r i e s ,  followed by an ion  exchange r e s i n  c a n i s t e r  and 
a p a r t i c u l a t e  f i l t e r .  
of a carbon c a n i s t e r  and a bacter ia l  f i l t e r  i n  s e r i e s .  

The dehumidification water subsystem cons i s t s  

Zero "g" operat ion would d i f f e r  from 1 "g" operat ion only i n  the  design 
tanks could 

be made with diaphragms backed up with spr ings o r  compressed a i r .  
P lex ig lass  tanks were furnished f o r  laboratory o r  s imulator  t e s t  pur- 
poses and are convenient i n  t h a t  the contents  (volume and appearance) 
of both the feed and t r e a t e d  water can be seen a t  a l l  t i m e s .  Flow 
r a t e s  can be estimated by measuring the  l e v e l  change p e r  unit of t i m e .  

of the feed  and rece iv ing  tanks. For zero If  g" operat ion,  

10.2 OPERATING PROCEDURE 
The fol lowing sequence i s  recommended f o r  operat ion of a l l  subsystems: 

1. 

2. 

3 .  

4. 

Make a l l  connections between subsystems and tanks as ind ica ted  
i n  Figure 10-1 and Figure 10-2. 

Turn both valves t o  OFF pos i t i on  and fill feed tank with 
waste water. (The system may a l so  be p r e f i l l e d  w i t h  t a p  
water t o  prevent i n i t i a l  by-passing).  

Turn on compressed a i r  (cont ro l led  a t  1 ps ig )  t o  pressur ize  
feed tank.  

Turn both  valves t o  PROCESS pos i t i on  and al low water t o  flow 
through t h e  subsystem u n t i l  it appears i n  the  t r e a t e d  water 
(or rece iv ing)  tank.  
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1 
I 

I (1) Air purge line from compressed air supply 
(2) Sample line 
(3) Compressed air supply 
(4) Reclaimed water to receiving tank 1 (5) Replacement filter 
(6) Feed tank 
(7) Receiving hr?k 1 (8) Carbon canisters 
(9) Resin canister 
(10) Filter 
(11) Replacement canister 
(12) In valve I (13) Out valve 

I 
I 
I 
1 
1 

FIGURE 10-1 CHANGING CANISTERS ON THE WASH WATER SUBSYSTEM 
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5. Meter water through subsystem a t  the following approximate 
r a t e :  

Wash Water Subsystem - 9 ml/min. 
Dehumidification Water Subsystem - 6 ml/min. 
Fecal  Water Subsystem - 2 ml/min. 

The flow rate  can be cont ro l led  by ad jus t ing  the  feed tank 
a i r  pressure (between 0 - 2 ps ig ) .  
to obta in  a s teady flow r a t e ,  then vary the  r e s t r i c t i o n  of 
the OUT valve u n t i l  a s a t i s f a c t o r i l y  s teady flow rate i s  
obtained. (Note: Flow r a t e  f o r  any subsystem is  not c r i t i c a l .  
The system w a s  designed t o  t r e a t  the d a i l y  waste water i n  10 
hours but  w i l l  work equal ly  wel l  a t  double o r  ha l f  t h i s  rate.)  
I n  using a i r  pressure i n  the  feed tank, i t  may be necessary 
t o  occasional ly  depressurize the  system t o  release a i r  trapped 
i n  the can i s t e r s .  An a l t e r n a t e  method of con t ro l l i ng  flow is  
to apply a p a r t i a l  vacuum (0 - 2 ps ig )  t o  the  rece iv ing  tank 
in s t ead  of applying a i r  pressure t o  the  feed tank. 

If i t  i s  found d i f f i c u l t  

6. The OUT valve,  SAMPLE pos i t i on  can be used a t  any time t o  
obta in  a ''grab" sample of the t r ea t ed  water,  

The following procedure i s  recommended f o r  changing can i s t e r s :  

1. Turn both valves t o  OFF pos i t i on  and depressurize the feed 
tank. 

2. The A I R  PURGE l i n e  should be connected t o  the compressed a i r  
supply (cont ro l led  at 0 - 2 ps ig ) .  
pos i t i on  and then turn  OUT valve t o  PROCESS pos i t ion .  Allow 
water t o  dra in  out of the system. (Note: Under weight less  
condi t ions,  the  system could be emptied by us ing  water d i r e c t l y  
f o r  washing; i.e., with OUT valve i n  SAMPLE position t rea ted  
water can be run d i r e c t l y  i n t o  sponge o r  wash-cloth.) 

Turn IN valve t o  AIR PURGE 

3. When subsystem i s  empty, turn both valves to OFF pos i t i on ,  
disconnect tubing and replace c a n i s t e r s  (see Figure 10-1). 
Carbon can i s t e r s  should be replaced counter cur ren t ly ,  that  
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i s ,  upstream c a n i s t e r  should be removed, downstream c a n i s t e r  
moved t o  the  upstream pos i t i on ,  and a new c a n i s t e r  should be 
placed i n  the  downstream pos i t ion .  Used c a n i s t e r s  should be 

inve r t ed  i n  the s torage  rack  t o  i n d i c a t e  that  they a r e  
exhausted. (See Table 8-1 f o r  c a n i s t e r  notations.) 

Provis ion  has been made i n  each subsystem for the  temporary s to rage  
of one large and one small can i s t e r .  
c a n i s t e r  changing under zero "g "  conditions.  
should be followed when changing a c a n i s t e r :  

This i s  designed t o  f a c i l i t a t e  
The following sequence 

1. Place new c a n i s t e r  i n  temporary s torage  pos i t i on  and clamp i n  
place.  (Can i s t e r  l i p s  should engage clamps approximately t h e  

same d is tance  a t  both e n d s . )  

Disconnect tubing f rom c a n i s t e r  t o  be replaced. 2. 

3. Transfer  caps from new c a n i s t e r  t o  used c a n i s t e r .  

4. Remove used c a n i s t e r  and p lace  i n  s torage  rack i n  inver ted  
pos i t i on .  
nylon s t r a p .  
corner  space and s l i d  i n to  place between c a n i s t e r  and tubu la r  
frame, pu l led  taught ,  and snap fas tened .  

Move new c a n i s t e r  t o  operat ing pos i t i on .  

Canis te rs  a re  secured i n  t h e  s torage  rack by a 
The f r e e  end of t h i s  s t r a p  i s  i n s e r t e d  i n  t h e  

5. 

6.  Connect tubing. 

I n  emergencies, carbon c a n i s t e r s  and r e s i n  c a n i s t e r s  an be interchanged 

between subsystems; i . e . ,  r e s i n  can i s t e r s  designated for the  wash water 
subsystem can be used i n  t h e  f e c a l  water subsystem, carbon c a n i s t e r s  
designated f o r  use i n  t h e  dehumidification water subsystem can be used 
i n  t h e  wash water subsystem, and s o  on. Interchanging of t h i s  s o r t  i s  
poss ib le  s ince  t h e  d i f f e r e n t  ion  exchange r e s i n s  have t h e  a b i l i t y  t o  
remove inorganic  salts and a l l  the carbons remove organic compounds. 
The d i f f e r e n t  carbons and r e s i n s  se l ec t ed  a r e ,  of  course, most e f f e c t i v e  
i n  t h e  subsystems f o r  which they a r e  designated 
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XI 

c onicLusIoNs 

From a weight and r e l i a b i l i t y  ana lys i s  of the  f i v e  processes  
s tud ied ,  i t  was concluded tha t  the m u l t i - f i l t e r  system and the 
e lec t rodia lys i s -adsorp t ion  system were the most desirable. 
weights of these two systems were est imated to  be lower than f o r  
any of the d i s t i l l a t i o n  schemes s tudied.  The m u l t i - f i l t e r  scheme 
w a s  recommended f o r  a l l  three subsystems on the basis of i t s  high 
r e l i a b i l i t y ,  s imp l i c i ty ,  and zero power requirement. 

The 

The th ree  m u l t i - f i l t e r  subsys tems were t e s t e d  and found t o  give 
recovered water of the  required qua l i ty .  The dehumidif icat ion 
water subsystem produced potable  water f r o m  a i r -condi t ioning con- 
densate  obtained from a space s imulator .  The wash water subsystem 
and the f e c a l  water subsystem both produced water s u i t a b l e  fo r  use 
as wash water. 

The a c t u a l  weights of the m u l t i - f i l t e r  subsystems f o r  a 1-year 
mission a re :  

Dehumidification Water Subsystem - 9.3 l b  
Wash Water Subsys t e m  100.1 l b  

Fecal  Water Subsystem 28.9 l b  

Storage racks f o r  space c a n i s t e r s  - 6.9 l b  

These weights a r e  not minimum and could be reduced by further 

design and development. 

The frequency of c a n i s t e r  replacement, and hence subsystem weights, 
a r e  h ighly  dependent on the composition of the  waste waters. 
t e r  l i f e  can bes t  be determined by t e s t  operat ion i n  a manned space 
s imulator .  

Canis- 
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Based on the  amount of water remaining i n  the subsystems, t he  f o l -  
lowing water recovery e f f i c i e n c i e s  were ca lcu la ted :  

Dehumidification Water Subsys tem - 99.5% 
Wash Water Subsystem - 99.0% 
Fecal  Water Subsys tern - 96.0s 

R i g i d  s p e c i f i c a t i o n s  and ca re fu l  quality con t ro l  are requi red  t o  
prevent  contamination of the t r e a t e d  water with the carbon, i on  
exchange r e s i n ,  o r  f i l t e r  elements used. 

Four lb of wash water were found t o  be s u f f i c i e n t  f o r  bathing 
purposes and it  i s  f e l t  t h a t  even a l e s s e r  amount might be 
s u f f i c i e n t .  
appreciably w i t h  frequency of bathing. 
concluded t h a t  c lo th ing  absorbs a good proport ion of  t h e  substances 
excre ted  through t h e  sk in .  

Wash water contamination was not found t o  vary 
Therefore, it can be 
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XI1 

RECOTIIVLENDATIONS FOR FURTKER STUDY 

Laboratory t e s t s  should be run w i t h  a s i l ve r - ac t iva t ed  i o n  exchange 
r e s i n  f o r  poss ib le  reduct ion i n  r e s i n  requirements f o r  the wash 
water  subsys t e m .  

Test  procedures should be es tab l i shed  and a "zero g tes t  k i t "  
developed f o r  measuring the qua l i t y  of the recovered water from 
each of the subsystems. 

Tests  should be run w i t h  exhausted ac t iva t ed  carbon t o  determine 
the f e a s i b i l i t y  of r eac t iva t ion ,  using high vacuum with o r  without 
heat. 

The wash water subsystem should be t e s t e d  on a recycle  basis f o r  
1 to 2 months t o  determine the frequency of c a n i s t e r  replacement 
and the ra te  and type of impuri t ies  that  bu i ld  up. 

The c a p a c i t i e s  of the three subsystems should be determined i n  a 
manned space s imulator  by running each to the breakthrough point .  

Addit ional  corrosion t e s t s  should be made over a seve ra l  month 
per iod t o  e s t a b l i s h  the necess i ty  of coat ing the aluminum and 
s e l e c t  an optimum coating. 
a simple means of prevent ing the p o s s i b i l i t y  of any p i t t i n g .  

Polyethylene l i n e r s  a r e  suggested as 
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